US0084547735B2

a2y United States Patent (10) Patent No.: US 8.454,773 B2

Cisneros 45) Date of Patent: Jun. 4, 2013
(54) INDUCTION WELDED WATERPROOFING (56) References Cited
(75) Inventor: Robert Cisneros, Marengo, IL (US) U.S. PATENT DOCUMENTS
4,389,826 A * 6/1983 Kelly ..ooiviviiiiinnl, 52/410
(73) Assignee: Amcol International Corporation, 4,534.925 A /1085 Hzﬂ}i; ”
Hofiman Estates, IL (US) 4,534,926 A 8/1985 Harriett
4,778,702 A * 10/1988 Hutter, III .................... 428/40.9
(*) Notice: Subject to any disclaimer, the term of this 4,841,706 A % 6/1989 Resan ..o, 52/410
patent 1s extended or adjusted under 35 (Continued)
U.S.C. 154(b) by O days. FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 13/291,614 CH 593416 L1/1977
DE 19521350 12/1996
1] EP 0735210 10/1996
(22)  Filed: Nov. 8, 2011 WO WO0-00/73596 12/2000
635 Prior Publication Dat
(6) o TEDTEHHoT LA OTHER PUBLICATIONS
US 2012/0152437 Al Jun. 21, 2012 _ _
AQUADRAIN® 10X: Subsurface Drainage Composite, Tech Data,
Related U.S. Application Data CETCO Building Materials Group, 2 pp. (Feb. 2006).
(60) Provisional application No. 61/411,002, filed on Nov. (Continued)
8, 2010.
(51) Int.Cl. Primary Examiner — Sing P Chan
FEO04B 2/96 (2006.01) (74) Attorney, Agent, or Firm — Marshall, Gerstein & Borun
E04F 13/09 (2006.01) LLP
EO4F 13721 (2006.01)
EO4F 13724 (2006.01)
B32B 7/04 (2006.01) (57) ABSTRACT
5325 7705 (2006'0;‘ ) In accordance with an embodiment of the disclosure, A water-
B32B 37712 (2006'0;‘) proofing laminate imncludes a drainboard having a first surface
B3z 43/00 (2006'0;‘) positioned against a hydraulic source and a second surface
B29C 65/32 (2006'03‘ ) opposed to the first surface, a fastener plate positioned against
B29C 65/45 (2006'03‘) the second surface of the drainboard securing the drainboard
B29C 65/56 (2006'0;‘) to the hydraulic surface, the fastener plate comprising a con-
C09J 5/06 (2006.01) ductive element and a thermoplastic resin, and a self-healing
(52) U.S. Cl. hydraulic barrier comprising a thermoplastic surface
USPC ............. 156/71; 156/91; 156/92; 156/272.4; adjoined to a geotextile and carrying a water-absorbent mate-
156/308.2; 156/308.4 rial, the thermoplastic surface inductively welded to the fas-
(58) Field of Classification Search tener plate.

USPC ... 156/71, 91, 92, 272.2, 272.4, 308.2,
156/308.4

See application file for complete search history.

SkLE-HEALING HYDRAULIC BARRIER

"/

s o 0
-2
T
!
“ o
i
e
T
£

DRAINBOARD
ﬁ %
: ,

7 Claims, 12 Drawing Sheets

=~ CONDUCTIVE
ELEMENT

_, FIXING MEMEBER

RESIN




US 8,454,773 B2

Page 2
U.S. PATENT DOCUMENTS 2008/0309014 Al1* 12/2008 Whelanetal. ................ 277/316
1 =

4977720 A * 12/1990 KUPEIS v 2408 3010/0119820 AL* 32010 Ultsch e 428343

5,496,615 A * 3/1996 Bartlettetal. ................ 428/144 '

5,572,843 A * 11/1996 Jordan ... 52/410 OTHER PUBLICATIONS

5,580,630 A 12/1996 Byrd

5,752,720 A *  5/1998 Pynenburg .................. 281/2 AQUADRAIN® 15X: Subsurface Drainage Composite, Tech Data,

6,124,016 A_ 2 9/2000 Well ................................ 428/99 CETCO Building Materials Group, 2 pp. (Feb. 2006).

0,229,127 Bi“ 5/2001“ L.mk AQUADRAIN® 15XP: Subsurface Drainage Composite, Tech Data,

6,230,461 B1* 5/2001 Puont ....ccoovvvvvvviinninninn, 52/408 CETCO Ruildine Materials G ) Feb. 2006

6,238,502 B1*  5/2001 Hubbard ........cccccoccou....... 156/71 wilding Materials Group, 2 pp. (Feb. 2006)

63338j232 R 1/2007 Yamanaka et al AQUADRAIN® 18H: Subsurface Drainage Composite, Tech Data,

6:689:460 B2* 2/2004 Wenetal ... 428/355 AC AQUADRAIN® 20H: Subsurface Drainage Composite, Tech Data,

6,764,260 B1* 7/2004 Nebesnak etal. ............. 411/82  CETCO Building Materials Group, 2 pp. (Feb. 2006).

6,783,802 B2 8/2004 Darlington, Jr. et al. AQUADRAIN® 30H: Subsurface Drainage Composite, Tech Data,

6,952,902 B2* 10/2005 Yaros ......cccccoeevvvvinnnnennnns 52/409 CETCO Building Materials Group, 2 pp. (Feb. 2006).

7,413,392 B2* §/2008 Nebesnaketal. ... 411/531 AQUADRAIN® G20: Subsurface Geonet Drainage Composite,

7,588,652 B2*  9/2009 Reppetal. ..., 156/108 Technical Data, CETCO Building Maternals Group, 2 pp. (Oct.

7,631,468 B2* 12/2009 Gongetal. ............oooonn. 52/410 2010).

7,935,202 B2 Y/ 20'_‘1 Stanley ..o, 156/71 COREFLEX Thermoplastic Waterproofing Membrane with APC

8,001,098 B2* 11/2011 Whelanetal. .................. 52/409 T ™

N . echnology™, CETCO, 6 pp. (Jun. 2010).

8,104,245 B2 1/2012 Whelan etal. ............... 52/741.4 GEOTEX® 3701 Product Data Sheet. P G thetics. 1
2004/0056077 ALl*  3/2004 THO wooeoeeeeeeeeeeeena., 228/235.2 », HTOGUCE LI SACCL, TTOPER LCOSYIICUES, 1 Page
2005/0202197 Al* 9/2005 Mohseenetal. ............. 428/40.1 (2000). |
2006/0234029 Al* 10/2006 Thompson-Colon GEOTEX® 1701 Product Data Sheet, Propex Geosynthetics, 1 page

etal. ..oooooivoeieiiiii. 428/304.4 (2006).
2006/0234030 Al* 10/2006 Thompson-Colon VOLCLAY Ultraseal® Brochure, 6 pp. (Jun. 2009).

etal . 428/304 4 International Search Report and Written Opinion for corresponding
2007/0175170 A1* 82007 Shah ..ooovvvvviviiieiiiiiiin, 52/741.1 international application No. PCT/US2011/059716, mailing date
2008/0104917 Al1* 5/2008 Whelanetal. .................. 52/408 Oct. 22, 2012.
2008/0245010 A1  10/2008 Pollack
2008/0307734 Al1l* 12/2008 Whelanetal. .................. 52/411 * cited by examiner




US 8,454,773 B2

&
= =
~ 2l =
“ [ m e
- N e
- _“%SﬁﬁﬁEﬁ_n_W.W.W.W.W.__ﬂ_ﬁ.ﬂ_w.m_ﬁ 7w
mm CASAALIIAN AN b Sob
z BB BT
e e e A
IRSESLSRILLIKEK: &
0SSO B LR IS
= ITLSERRIREL KK
= SRR LE PRI ESLN
= /
=

TS ~_

U.S. Patent



US 8,454,773 B2

Sheet 2 of 12

Jun. 4, 2013

U.S. Patent




U.S. Patent

Jun. 4, 2013

Y

Sheet 3 of 12

7

!

4

Y ,..,, "N\ "“"n *--.J
# ,{ [ Jae 2 “ D s

LA *"""*

US 8,454,773 B2

INTEGHATELD FASTENING PLATE

‘a_,.ﬁ "Aﬁ - G"QN WT
$F,-‘ |
L& GEOTEXTH

i i

Fils 34
THERMOPLASTIC RESIN —_ N ~
CONDUGTIVE PLATE .\ o INTEGRATED FASTENING PLATE
SOOI i.url;ﬂy}!-mm}}%m
ff:“'}/: 1*;;/“1.!:-, % f-ﬁ.‘:r ﬁﬂ'*"‘*;*-.ifﬂ"'::jf }*’:E-‘,u '::.ﬁ -
NG NI R T
il 253
~ AR TR ATED FASTENING PLATE
lllﬂllH!llHliﬂlllﬂl o PRAWNBOARD
ﬁs v — ,_, 1__“ H
A P, e i L T GEOTEXTILE

NTEGRATED
FASTENING PLAN

F:-:I

L]

- IRAWN BOARL

T GEOTEXTILE

CiRLENE




U.S. Patent

Jun. 4, 2013 Sheet 4 of 12

DRAINBOARD

WATERSTOP—RX

CONTINUOUS IN ALL
COLD POUR JOINTS

SELF-HEALING HYDRAULIC BARRIER

FASTENING PLATE

REFER TO CETCO
DETAIL # WP-3

FOR REBAR ANCHOR
WITH SLEEVE

US 8,454,773 B2

FIGURE 4



U.S. Patent Jun. 4, 2013 Sheet 5 of 12 US 8,454,773 B2

CAST—IN—-PLACE
CONCRETE TUNNEL WALL
Z] ‘ # —
\ A
G ST = SMOOTHING SHOTCRETE
q\\\. Wt
LS | L
| ‘\\ TR 4 %— ROCK
| ||
A ll \‘«ﬂ l| 3 ;% FASTENING PLATE
1y R =—
|| I r' =
k- | L p—
Al |1 5 — THERMOPLASTIC INDUCTION WELD
1y | —~ =
| l | ] ﬂ"" N :—
Al - =
<. L. 4 by
| P ———
-l % WATERSTOP—-RX INSTALLED
Tl = N ALL COLD POUR JOINTS
g . ,’l ] 9 - —
a I‘ ] —— DRAINBOARD
==
,{l <t I ;
;’ _’l LY = SELF-HEALING HYDRAULIC BARRIER
L4 E=

FIGURE 5



U.S. Patent Jun. 4, 2013 Sheet 6 of 12 US 8,454,773 B2

FIGURE 6

SELF-HEALING HYDRAULIC BARRIER
DRAINBOARD

e T R S L S R

Y, i

CONDUCTIVE
ELEMENT

LESR S T

_ FIXING MEMEBER

e THERMOPLASTIC
RESIN

A




U.S. Patent

Jun. 4, 2013

Sheet 7 of 12

US 8,454,773 B2

| CETSEAL
| BEAD

% WASHER _mmmuémmm__ff,J~- mv_%;
fﬁND NUT 5 . .
SEE PLAN 5:5

20mm ¢ (M16) THREADED
STEEL ROD FOR REINFORCEMENT

ATTACHMENT

%ﬁ®%% SN .":‘ R T —_

: e e
A S s el

EE A R

= ilﬁﬁllllll T

H e

..‘-. .'.-

4

£ o T R
*_;.. s

: B ’z&fﬁﬁﬁﬁﬁmﬁﬁ*&fﬁ&fﬁ o

Eﬁm&fﬁfx S ‘ﬁi’m' "

W AN o AN DA
s

iiiiiiiiiiiiii

:llriiiltligﬁﬂﬁ??mwmﬁ

)
)
& 7
{{{{{

o, o e B

}}}}}}}}}}}}}}

CAST—IN—-PLACE
CONCRETE TUNNEL WALL

ROCK
SMOOTHING SHOTCRETE

CETSEAL BEAD

- 12" CORTEX PATCH

RA—-8 ANCHOR SLEEVE
SET IN EPOXY

24mm @ M16 WINDING
FOR STEEL ANCHOR

- THERMOPLASTIC WELD

CETCO ANCHOR FLANGE

NON—WOVEN
POLYPROPYLENE GEOTEXT!LE

- COREFLEX

WITH ACTIVE POLYMER
CORE (DASHED LINE)

FACING INSTALLER
REBAR (SEE PLAN)

FIGURE 7



U.S. Patent Jun. 4, 2013 Sheet 8 of 12 US 8,454,773 B2

FIGURE 8B

‘!.

FIGURE 8A
' ST ML

P T U e e A

FIGURE 8C

FIGURE 8F

FIGURE 8E

FIGURE 8



cd Vs PACPURIS URH [ SJUEBIBJO [ UQJ JUsfBAI(J i8)j0H SEBH #VS mﬁm&mwam‘mﬁwmmﬂtmq <"

1S1EMESG [OBN %001

US 8,454,773 B2

(i
- O

- 0G

(jui) j[jomg ovud

A i -

S s ;

L pEnt i g s o

2 - it Rt - o .

4 ...1.....‘. A .1...#.......-..‘....“:............1 S e .

L FE T, o HERHE ....”.... ; + g 3
.............................................................................................................................................................................................................................................................................................................................................................................................................. : ....”...... RN +...... ek " ;

- i i - -

e e : .

R e S ik ;

S R
H A et

Sheet 9 of 12

ABID AdS Ul s1BUOCgIRN auslAdold %,Ce¢ - 04

(dVS piepuels) 098 INXS Joaed [
(dVS apei) aIninobY) § GIOSONI0IST

0%

08

L, . Lok L . o = pe g Pl ] . e D b i o e e e g g Lt e . S it g Pl ] . pate LT L b e e . S it g Pl ] . pate LT L b e e . S it g Pl ] . Sl e Q Q w\

Jun. 4, 2013

pusjg ajeuodien susjfdoid/ieln o} paieduwion
1218 AR JjBS Ul Buljjomeg dvs

6 JdNODIA

U.S. Patent



US 8,454,773 B2

Sheet 10 of 12

Jun. 4, 2013

U.S. Patent

0c Ll OFl 81l

B e, - jt.. .&.ﬂ - sy N
Gl ot 7700 aN 7 7T s m -

-~ it .L__\. F .\._UJ :,..... .._\u .....-uu_ : e

L mrx?u%;ﬂmw\,ﬁkwuw\&%_ CC

DS TR A KR ANPIS i dOT HENNOTA

O S S
d

14

YO0T HNbNODTA
Q0T HdNOTA

AT VLT V7 H w P

z\ _ ?\_\uﬁ

UL

N
mw%gwﬁmw 0T

DU SR

A




US 8,454,773 B2

Sheet 11 of 12

Jun. 4, 2013

U.S. Patent

m f”... .“.1“... ...”J.... Chy .......”’....... ......t.......;.....k.”.
TR AR AR

0cl g1

. .F. L .....’.............L‘....... .;”. - .......‘...........r%.....v ”
RRsaysasa

gil 0L




U.S. Patent Jun. 4, 2013 Sheet 12 of 12 US 8,454,773 B2

FIGURE 12




US 8,454,773 B2

1
INDUCTION WELDED WATERPROOFING

CROSS-REFERENCE TO RELATED
APPLICATION

The benefit under 35 U.S.C. §119(e) of U.S. Provisional
Patent Application Ser. No. 61/411,002 filed Nov. 8, 2010, 1s
hereby claimed, and its entire disclosure 1s incorporated
herein by reference.

FIELD OF DISCLOSUR.

L1l

The present disclosure 1s applicable to sub-grade water-
proofing, preferably the formation of a self-healing water-
prool barrier prior to the pouring or placement of the struc-
tural element to be waterprooted.

BRIEF DESCRIPTION OF RELATED
TECHNOLOGY

Traditionally, the membrane 1s welded to thermoplastic
fixing anchors placed over the cushion/drainage layer(s); then
the thermoplastic membrane waterproofing sheets are welded
to the fixing anchors with hand held air welding equipment.
This requires the installer to get behind the suspended mem-
brane from the top, bottom or sides of the suspended sheets in
order to access the fixing anchors to weld them to the ther-
moplastic waterproofing membrane. There are other non-
penetrating methods however; all require access to the back
side of the membrane. This step 1s not only time consuming

but can be dangerous, especially when working on scatfold-
ing and or in confined space.

SUMMARY OF INVENTION

Attaching membrane waterproofing to shoring 1n a manner
that does not penetrate the waterproofing membrane has sev-
eral traditional solutions that favor small membrane sheet or
panel sizes. Large prefabricated or factory fabricated panels
pose challenges that require additional steps and or equip-
ment. These additional steps reduce installation efficiency
and combined with the additional equipment increase nstal-
lation cost. Placing large prefabricated panels on large shor-
ing walls requires access behind the waterproofing membrane
panels. Typically, this requires lifting a panel that 1s affixed at
the top, from the bottom and allowing it to drape down to
available fastening tabs. This step greatly increases the time
required for operating the equipment used to suspend the
membrane panels; typically a crane or lift of some type.
Alternately, another method requires access to the back side
of the membrane to weld the thermoplastic membrane to
thermoplastic fastening discs. Bored rock tunnels addition-
ally challenge typical membrane installation methods due to
the confined space and inverted arch configuration of the
structure. Unique to all other waterproofing applications, a
bored rock tunnel 1s the only type of waterproofing that
requires fixing the waterproofing membrane to overhead
shoring; and specifically to a shoring surface with a closing
radius.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 1s a cross-section of a water-proofing laminate
against a hydraulic source in accordance with an embodiment
of the disclosure:
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2

FIG. 2 1s a cross-section of a water proofing laminate
having self-healing hydraulic barrier 1n accordance with an

embodiment of the disclosure;

FIGS. 3A-3C are three cross-sections of embodiments of a
fastener integrated drainboard 1n accordance with an embodi-
ment of the disclosure and FIG. 3D 1s a schematic drawing of
an external view of a fastener integrated drainboard 1n accor-
dance with an embodiment of the disclosure:

FIG. 4 1s a schematic drawing of a water-proofing laminate
in accordance with the disclosure used to water-proot the
internal area of a bored rock tunnel;

FIG. 5 1s a schematic drawing of fastening plate portion of
water-proofing laminate 1n accordance with an embodiment
of the disclosure 1n a bored rock tunnel;

FIG. 6 1s an enlarged schematic drawing of the fastening
plate portion of FIG. 5;

FIG. 7 1s a schematic drawing of a reinforcement posi-
tioned through a self-healing waterproofing laminate and
optional water-proofing elements in accordance with an
embodiment of the disclosure:

FIGS. 8A-8F illustrate examples of salt-water swellable
materials and methods of manufacture, 1n accordance with an
embodiment of the disclosure;

FIG. 9 1s a graph 1llustrate the SAP welling 1n salt water of
hydraulic barrier in accordance with an embodiment of the
disclosure:

FIG. 10A 1s a schematic drawing 1llustrating an apparatus
and method of manufacturing a hydraulic barrier 1n accor-
dance with an embodiment of the disclosure;

FIGS. 10B-10D are cross-sectional images of the hydrau-
lic barrier at different points of the method of manufacturing
illustrated 1n FIG. 10A;

FIG. 11 1s a schematic drawing illustrating an apparatus
and method of manufacturing a hydraulic barrier 1n accor-
dance with an embodiment of the disclosure; and

FIG. 12 1s a schematic drawing illustrating a placement of
a hydraulic barrier in accordance with an embodiment of the
disclosure.

DETAILED DESCRIPTION OF THE INVENTION

The present invention may be understood more readily by
reference to the following detailed description of the inven-
tion and the examples provided therein. It 1s to be understood
that this invention 1s not limited to the specific components,
articles, processes and/or conditions described, as these may,
of course, vary. It1s also to be understood that the terminology
used herein 1s for the purpose of describing particular
embodiments only and 1s not intended to be limiting.

Ranges may be expressed herein as from “about” or
“approximately” one particular value and/or to “about” or
“approximately” another particular value. When such arange
1s expressed, another embodiment includes from the one par-
ticular value and/or to the other particular value. Similarly,
when values are expressed as approximations, by use of the
antecedent “about,” 1t will be understood that the particular
value forms another embodiment.

Herein 1s described materials and methods of water-prooi-
ing a structural feature from a hydraulic source, preferably
wherein the hydraulic source 1s sub-grade (below ground).
Examples of sub-grade hydraulic sources include retaining
walls, shoring walls; unlined rock walls and tunnels; and
porous cement (e.g., shotcrete coatings) that are 1n contact
with ground water and, preferably, are at or below the water
table. Typically, the hydraulic source 1s a sub-grade structure
through which ground-water can tlow. Further examples,
include cut or excavated rock walls, bored rock tunnels, exca-



US 8,454,773 B2

3

vated soil, foundation backiill, the retaining and/or shoring,
walls erected to prevent collapse of an excavated area.

The following reference numbers correspond to FIGS. 1-7.

In a first embodiment, a water-proofing laminate 1000
includes a drainboard 1001 having a first surface 1002 posi-
tioned against a hydraulic source 1003 and a second surface
1004 opposed to the first surface; a fastener plate 1005 posi-
tioned against the second surface 1004 of the drainboard 1001
securing the drainboard 1001 to the hydraulic surface 1003,
the fastener plate 1005 comprising a conductive element 1006
and a thermoplastic resin 1007; and a selif-healing hydraulic
barrier 1008 comprising a thermoplastic surface 1009
adjoined to a geotextile and carrying a water-absorbent mate-
rial, the thermoplastic surface 1009 inductively welded to the
fastener plate. Furthermore, the drainboard can be secured to
the hydraulic source by a fixing member (e.g., a mechanical
fastener) where at least a portion of a fixing member passes
through the fastener plate and the drainboard and into the
hydraulic source.

A drainboard is a drainage material, preferably including a
geotextile through which water can flow. The drainboard can
include the geotextile or can be entirely the geotextile.
Examples of drainboards that include geotextiles include, but
are not limited to, AQUADRAIN products, for example prod-
uct numbers G20, 10X, 15X, 15XP, 18H, 20H, 30H, G20, and
100BD (all available from CETCO, Hoiiman Estates, Ill.);
GEOTEX 3201 and GEOTEX 1701 (available from
PROPEX GEOSYNTHETICS, Chattanooga, Tenn.). In all
applications of a drainboard the geotextile 1s positioned
against the hydraulic source.

Drainboards can further include drainage cores adhered to
the geotextile. A drainage core can be a three dimensional,
preferably water impervious, material having support col-
umns and drainage areas, herein called a dimple core. The
geotextile 1s bonded to the support column, functions 1n part
as a particulate filter, and defines an interior draimnboard space
where drainage or flow of water can occur. Alternatively, the
drainage core can be a geonet, 1n one example the geonet can
be positioned between layers of the geotextile. Typically,
drainboards are positioned 1n locations wherein the hydraulic
source supplies a hydraulic force on the drainboard, prefer-
ably on the water permeable geotextile portion.

Herein, a fastener plate includes a conductive element and
a thermoplastic resin. Preferably the fastener plate consists
essentially of a plate-like main member made from the ther-
moplastic resin, and a conductive sheet made of the conduc-
tive element that 1s adhered to the main member. In one
example, the conductive sheet can be provided as a layer
within the plate-like main member. In another example, the
fastener plate can include a conductive support having a
securing surface, a welding surface, and comprising the con-
ductive element where the welding surface 1s carrying the
thermoplastic resin. Multiple examples of fastener plates are
available commercially, examples are represented 1n U.S. Pat.
Nos. 6,640,511 and 6,338,232, the entire disclosures of which
are incorporated herein by reference.

The selt-healing hydraulic barrier 1008 can include a ther-
moplastic surface 1009 adjoined to a geotextile 1011 and
carrying a water-absorbent material 1012. The thermoplastic
surface 1009 1s preferably carried by a thermoplastic layer
1010 that 1s more preferably a water-lmpenneable layer. The
thermoplastic, water-impermeable layer 1010 1s adhered to
the geotextile 1011. For example the thermoplastic layer can
include an adhesive layer 1013 that binds to the geotextile, the
adhesive layer can further adhere the water-absorbent mate-
rial. In one example, the self-healing hydraulic barrier carries
the water-absorbent material between the thermoplastic sur-
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4

face and the geotextile, for example, the water-absorbent
material can be adhered to the thermoplastic layer. In another
example the geotextile 1s impregnated with the water-absor-
bent material. In another example, the self-healing hydraulic
barrier includes the thermoplastic layer, a water-absorbent
layer, and the geotextile; where the water-absorbent layer
adheres the geotextile to the thermoplastic layer.

The water-absorbent material of the self-healing hydraulic
barrier can be selected from the group consisting of a super-
absorbent polymer, a clay, and a mixture thereof. In one
embodiment, the water-absorbent material can be a salt-water
swellable composition. One example of a salt-water
swellable composition 1includes about 30 wt. % to about 60
wt. % of a smectite clay; about 5 wt. % to about 25 wt. % of
a partially cross-linked acrylamide/partially neutralized
acrylic acid copolymer; about 3 wt. % to about 15 wt. % of at
least one elastomeric resin; about 5 wt. % to about 30 wt. % of
a cationic flocculant; and about 0.5 wt. % to about 25 wt. % of
at least one primary plasticizing agent for the elastomeric
resin.

In one embodiment of the seli-healing hydraulic barrier,
the self-healing hydraulic barrier described 1s based on the
discovery that agricultural grade superabsorbent polymers
partially cross-linked (water insoluble) copolymers of acry-
lamide/partially neutralized acrylic acid, particularly potas-
sium and/or sodium acrylate, have exceptional and unex-
pected Iree swell when 1n contact with high conductivity
water or multivalent 1on-containing-contaminated water The
seli-healing hydraulic barrier can include a partially cross-
linked acrylamide/acrylate/acrylic acid copolymer and are
used for waterproofing against high conductivity salt-con-
taining water. More particularly, the partially cross-linked
acrylamide/acrylate/acrylic acid copolymers, are incorpo-
rated into sheet or roll form as waterproofing geotextile
articles; or are mncorporated into deformable, putty-like con-
sistency articles for waterproofing concrete joints and the like
(see U.S. Pat. No. 4,534,926, hereby incorporated by refer-
ence) by substituting the agricultural grade SAPs described
herein for the bentonite clay disclosed 1n U.S. Pat. No. 4,534,
926. The sheet or roll form geotextile articles of manufacture
described herein are seli-healing (will seal cuts, cracks and
fissures caused 1n adjacent water barrier sheets or films during
or after installation) and are particularly effective in sealing
seems between two water barrier substrates, €.g., concrete
sections and between adjacent, geocomposite liners 1n con-
tact with high conductivity salt water.

The selt-healing hydraulic barrier 1s preferably a multi-
layer geocomposite article that can include a polymeric bar-
rier layer, a woven or non-woven layer, and an intermediate
layer of a partially cross-linked acrylamide/acrylate/acrylic
acid copolymer that has suificient free-swell when contacted
by high conductivity water such that 1f a crack or rupture
occurs 1n the polymeric barrier layer, the confined copolymer
will swell sutficiently upon salt water contact to fill the crack
or rupture to heal the crack or rupture and prevent further salt
water leakage.

In another embodiment, the water-proofing laminate can
include a hydraulic surface exposed to a hydraulic source and
carried by a drainboard; the drainboard held 1n a fixed posi-
tion by a fastener plate; and the fastener plate welded to a
thermoplastic surface carried by a shelf-healing hydraulic
barrier.

In yet another embodiment, the water-proofing laminate
can 1include a hydraulic surface carried by a drainboard; a dry
surface carried by a self-healing hydraulic barrier; and posi-




US 8,454,773 B2

S

tioned between the hydraulic surface and the dry surface; a
fastener plate atfixed to the dramnboard and welded to a seli-
healing hydraulic barrier.

In still another embodiment, the water-proofing laminate
can include a plurality of fastener plates individually com-
prising a conductive element and a thermoplastic resin; and a
self-healing hydraulic barrier comprising a thermoplastic
layer adjoined to a geotextile and carrying a water-absorbent
material; wherein the self-healing hydraulic barrier 1s
adjoined to the plurality of fastener plates by a plurality of
induction welds formed between the thermoplastic layer and
the thermoplastic resin. Typically, the induction weld
includes three heat effected zones: a fastener plate zone, a
fusion zone, and a self-healing hydraulic barrier zone. Pret-
erably, the fastener plate zone has a volume larger than the
individual volumes of either the fusion zone or the self-heal-
ing hydraulic barrier zone. Additionally, the fastener plate
zone 1s preferably approximately coextensive with the vol-
ume of the thermoplastic resin, that 1s, preferably, the entire
thermoplastic resin 1s heated during the welding process and
forms the fastener plate (heat effected) zone.

Further presented herein 1s a method of preparing a water-
proofing laminate. The method can include positioming a
thermoplastic surface of a seli-healing hydraulic barrier
against a fastening plate secured to a hydraulic source; and
then inductively welding the thermoplastic surface and the
fastening plate. The method can further include securing the
fastening plate to the hydraulic source. For example, securing
the fastening plate to the hydraulic source by passing a fixing
member through the fastener plate and into the hydraulic
source. The fixing member can be selected from those
mechanical fasteners capable of holding the fastening plate to
the hydraulic source, these include concrete fasteners,
screws, drive pins, and nails. The method can further include
positioning a draimnboard between the hydraulic source and
the fastening plate; and then securing the fastening plate to the
hydraulic source with the fixing member by passing a fixing,
member through the fastener plate and drainboard and 1nto
the hydraulic source. The method can still further include
sealing any seams between overlapping or abutting layers of
the self-healing hydraulic barrier, for example between over-
lapping layers of the thermoplastic surtace.

In another embodiment the method includes fixing a fas-
tening plate to a hydraulic source by, for example, powder
actuating or pneumatic actuating a fixing member through the
fastener plate; and then inductively welding a self-healing
hydraulic barrier to the fastening plate. The powder actuating,
can be accomplished by employving, for example, a powder-
actuated nail gun, multiple examples of which are commer-
cially available. Similarly, pneumatic actuating can be
accomplished by employing, for example, a pneumatic nail or
screw gun, multiple examples of which are commercially
available.

In yet another embodiment, the method can be a method of
waterproofing a tunnel that includes positioning a drainage
maternial against a tunnel wall and/or ceiling, the drainage
maternal having a first surface positioned against the tunnel
wall and/or ceiling and a second surface exposed; attaching
the drainage matenal to the tunnel wall and/or ceiling with a
plurality of fastener plates and fixing members extending
through the fastener plates and the drainage material and
adhered to the tunnel wall and/or ceiling, the fastener plates
comprising a conductive element and a thermoplastic resin;
and inductively welding a selif-healing hydraulic barrier to the
tastener plates, the self-healing hydraulic barrier comprising
a water-impermeable thermoplastic layer adjoined to a water-
absorbent material and a geotextile.
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The method of waterproofing a tunnel can also include
applying shotcrete against bored rock 1n a tunnel to form a
smoothed tunnel wall and/or ceiling; and curing the shotcrete;
where the drainage material 1s positioned against the
smoothed tunnel wall and/or ceiling. Still further, the method
of waterproofing a tunnel can include applying concrete
against the geotextile to form a interior tunnel wall and/or
ceiling; and curing the concrete. Additionally, the method of
waterproofing a tunnel can include applying a water-stop to
all concrete joints.

Dependant on the tlow characteristics of the tunnel design,
the method of waterproofing the tunnel can include position-
ing the drainage material against the tunnel floor, the drainage
material have a first surface positioned against the tunnel floor
and a second surface exposed; and covering the drainage
material with the self-healing hydraulic barrier by positioning
the water-impermeable thermoplastic layer against the drain-
age material. In circumstances where waterproofing 1s not
applied to the floor of the tunnel, a pump system can be
installed to remove water that may enter the tunnel through
the unwaterproofed area.

In still another embodiment, the method can be a method of
applying a water-proofing laminate to a retaining and/or shor-
ing wall that includes positioning a drainage material against
the retaining and/or shoring wall, the drainage material have
a first surface positioned against the retaining and/or shoring
wall and a second surface exposed; attaching the drainage
maternal to the retaiming and/or shoring wall with a plurality
of fastener plates and fixing members extending through the
fastener plates and the drainage matenal, and adhered to the
retaining and/or shoring wall, the fastener plates comprising
a conductive element and a thermoplastic resin; and induc-
tively welding a self-healing hydraulic barrier to the fastener
plates, the seli-healing hydraulic barrier comprising a water-
impermeable thermoplastic layer adjoined to a water-absor-
bent material and a geotextile. This method of waterproofing,
a retaining wall and/or shoring wall can include applying
concrete against the geotextile to form a water-proofed sub-
grade wall; and curing the concrete; wherein the concrete
binds to the geotextile.

A further embodiment of the above disclosed embodi-
ments ncludes providing a structural anchor through the
water-proofing laminate. One example of providing a struc-
tural anchor can include all or fewer steps of providing a
mounting hole 1n the hydraulic source, fixing at least a portion
of an anchor 1n the mounting hole (e.g., applying an epoxy to
the internal surface of the mounting hole), providing a ther-
moplastic flange over the anchor and against the mounting
hole and hydraulic source, overlaying the thermoplastic
flange with a self-healing hydraulic barnier, thermally weld
(e.g., hot air weld, induction weld) a thermoplastic surface of
the self-healing hydraulic barrier to the thermoplastic flange.
The method can further include overlaying the weld with a
patch flange (e.g., CORTEX PATCH available from CETCO,
Hoflman Estates, 111.); and/or applying sealants to seams and
jomts (e.g., CETSEAL available from CETCO, Hoilman
Estates, 111.). Preferably, the anchor extends from the hydrau-
lic source at suflicient distance to provide for the attachment
of structural elements (e.g., structural reinforcements) added
prior to the providing of a concrete against the self-healing
hydraulic barrier.

In still another embodiment, the preceding materials and
methods of waterproofing a structure can employ a fastener-
integrated drainboard. Such a fastener-integrated drainboard
1s a drainboard with a fastener plate adhered thereto. For
example, the fastener-integrated drainboard can include a
water-permeable sheet; and a fastener plate affixed to the
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water-permeable sheet; the fastener plate comprising a ther-
moplastic adhesive and a metal receptor. The fastener plate
can be affixed to the water-permeable sheet by an adhesive,
for example, a pressure sensitive adhesive, a polyurethane
adhesive, an epoxy adhesive, a silicone adhesive, thermoplas-
tic adhesive; by a clip or a plurality of clips; by barbs extend-
ing through the water-permeable sheet; or mixtures thereof.
Dependent on the size of the fastener-integrated drainboard, 1t
preferably includes a plurality of {fastener plates. For
example, the fastener plates can be positioned at regular inter-
vals on the water-permeable sheet, for example 3 feet to 4 feet
on center. When for example, the resultant fastener-integrated
dramnboard has an area of about 4 feet by greater than 4 feet
(often drainboards are sold as 4'x352' rolls), the fastener plate
can be integrated on center (about two feet from either edge)
and spaced at about 3 to about 4 feet along the length of the
fastener-integrated drainboard. When, for example, the drain-
board 1s a non-rolling sheet matenal, the fastener plates can
be integrated 1n a regular grid pattern on the drainboard, for
example, about 1 foot to about 4 foot on center. Alternatively,
the spacing of the fastener plates can increase as a function,
for example distance from an edge.

One embodiment of preparing the fastener-integrated
drainboard can include fixing a fastener plate that comprises
a metal receptor and a thermoplastic adhesive to a water-
permeable sheet. Another embodiment of preparing the fas-
tener-integrated drainboard can include positioning a metal
receptor against a water-permeable sheet; applying a thermo-
plastic adhesive to the metal receptor; and heating the ther-
moplastic adhesive to a suilicient temperature to form a adhe-
stve bond between the metal receptor and the water-
permeable sheet.

The fastener-integrated drainboard can be employed 1n a
method that includes positioning a fastener-integrated drain-
board that comprises a fastener plate against a hydraulic
source; powder actuating or pneumatic actuating a {ixing
member to secure the fastener-integrated drainboard to the
hydraulic source by passing at least a portion of the fixing
member through the fastener plate; and then inductively
welding a seli-healing hydraulic barrier to the fastener plate.
This method can further include those features described
above.

Self-healing hydraulic barriers can include the following
methods and materials:

One Example of a Hydraulic Barrner

The disclosure of U.S. Pat. No. 6,783,802 1s incorporated
herein by reference 1n 1ts entirety.

Referring to the drawing of U.S. Pat. No. 6,783,802, the
invention relates to a hydraulic barrier material. In one
embodiment, the hydraulic barrier material 1s an interlocking
matrix containing a water-absorbent organic polymer and a
water-absorbent clay interlocked to and within a liquid mono-
mer-absorbent or liquid monomer-adsorbent substrate,
wherein the polymer 1s formed (polymerized from one or
more monomers), in-situ, while 1n contact with the substrate
during manufacture of the hydraulic barrier to mterlock the
polymer and clay to the substrate. In the preferred embodi-
ment, the hydraulic barrier material 1s an interlocking matrix
of organic polymer molecules, polymer-intercalated clay,
polymer-intercalated clay tactoids, exioliated clay platelets
and fibers of a fibrous substrate, preferably a non-woven
geotextile. The preferred organic polymer 1s a water-absor-
bent polymer preferably comprising a mixture of an alkali
metal salt of polyacrylic acid (50-90 mole percent——corre-
sponding to 50-90 mole percent neutralization of acrylic acid)
and polyacrylic acid (10-50 mole percent). It has been found
that the interlocking of the organic polymer, polymer-inter-
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calated clay tactoids, and clay platelets to the substrate pro-
vides a hydraulic barrier material having a relatively low
permeability to water while containing a relatively low load-
ing of organic polymer.

It has further been found that the hydraulic barrier material
provides reduced permeability to water per unit weight of
hydraulic barrier material as compared to conventional liners
or hydraulic barriers, and 1n particular, geosynthetic clay
liners (GCLs). Particularly, 1t has been found that the hydrau-
lic barrier material has a hydraulic conductivity of 1x107"
cm/sec. or less. Further, it has also been found that the hydrau-
lic barrier material has a reduced thickness and a reduced
weight as compared with conventional GCLs, while achiev-
ing better water impermeability. The hydraulic barrier mate-
rial may be particularly suitable for geo-environmental appli-
cations such as water absorption, water retention and water
containment. For instance, the hydraulic barrier material may
have particular application for use in below grade water
proofing, such as underground parking garages, shopping
malls and the like to prevent ground water 1ntrusion; waste
landfills; man-made bodies of water; and other geo-environ-
mental applications where a low permeability hydraulic bar-
rier 1s required. In the preferred embodiment, the organic
polymer 1s formed from the polymerization of an organic
monomer intercalated mnto a clay, preferably a water-
swellable clay. The method of making the hydraulic barrier
material includes the steps of embedding a polymerizable
organic monomer within a liquid-sorbent substrate after first
applying a polymerization catalyst or polymerization initia-
tor to the liquid-sorbent substrate, or to one or more of the
component parts of the liquid-sorbent substrate, e.g., to fibers
of geotextile during the manufacture of the geotextile, and
clfecting polymerization of the polymerizable monomer, 1n
situ, to form the hydraulic barrier material.

The polymernizable monomer 1s applied to the polymeriza-
tion-1nitiating substrate from a polymerization solution that 1s
a slurry of the polymerizable organic monomer and a water-
swellable clay, such as a sodium smectite clay, particularly a
sodium montmorillonite or a sodium bentonite clay, to form a
slurry that 1s embedded into the porous substrate that has
previously been treated, e.g., contacted or dipped or sprayed,
to contain a polymerization catalyst or polymerization 1nitia-
tor for the organic monomer 1n an amount sufficient to tully
polymerize the subsequently embedded monomer. In the pre-
terred embodiment, the substrate 1s loaded with at least 5% by
weight polymerization 1mitiator, or polymerization catalyst,
based on total weight of polymerizable monomer subse-
quently embedded 1n the substrate from the polymerization
solution (polymerization slurry). More preferably, the sub-
strate 1s loaded with at least 10% by weight polymerization
initiator and/or polymerization catalyst based on the weight
of subsequently embedded polymerizable monomer.

The polymerizable monomer preferably 1s mixed with
water 7 and 1ncludes a neutralizing agent 8, such as sodium
hydroxide, preferably prior to the addition of the clay 9, to
form the polymerization solution in the form of a slurry, 1n
order to more easily effect neutralization of least a portion of
the polymerizable organic monomer (most preferably 65-85
mole percent neutralization) before clay addition and subse-
quent intercalation of the partially neutralized polymerizable
organic monomer nto the clay. Preferably, the polymeriza-
tion solution also contains a cross-linking agent for the poly-
mer so that after polymernization, the partially neutralized
polymer molecules are cross-linked sufliciently for water-
insolubility and water absorbency. Preferably, the polymer-
1zable monomer, water, cross-linking agent, and neutralizing
agent are thoroughly mixed to form a homogeneous solution
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prior to adding clay to form the polymerization solution or
slurry for consistency and homogeneity 1n intercalation of the
clay. In the preferred embodiment, the polymerization solu-
tion mixing step 1s performed such that the polymerization
solution 1s substantially homogeneous.

The step of adding clay to the monomer solution to form
the polymerization solution or polymerization slurry may be
performed 1n any manner that results 1n the addition of a
desired amount of the clay and monomer to form a slurry that
1s relatively viscous, but 1s capable of being moved to the
polymerization-imitiating substrate for embedment. In addi-
tion, the polymerization solution containing the clay 1s pret-
erably sheared during mixing and/or sheared while embed-
ding the slurry mto the liguid-sorbent or porous substrate to
intercalate a portion of the polymerizable monomer between
clay platelets prior to embedding the slurry into the substrate,
and preferably to partially extoliate the clay platelets prior to,
or simultaneously with, contacting the substrate with the
polymerization solution.

The degree of mixing of the slurry will vary depending
upon the desired characteristics of the slurry. For instance, the
clay may be simply combined together with the polymeriza-
tion solution with no concern regarding the degree of mixing,
or homogeneity of the resulting slurry. Preferably, the mixing
step 1s performed such that the slurry 1s mixed and sheared
prior to the subsequent embedding of the slurry into the
catalyst- or mitiator-containing porous substrate. In the pre-
terred embodiment, the mixing step used to form the slurry 1s
performed such that the slurry 1s substantially homogeneous.

Any mixer 16 and any mixing method may be used which
are capable of mixing the clay and the monomer to achieve the
desired characteristics of the slurry. Thus, 1n the preferred
embodiment, any mixer 16 and any mixing process may be
used which are capable of mixing the clay and the polymer-
ization solution such that the resulting slurry is substantially
homogeneous. Further, the mixing step may be performed for
any period or length of time suificient to achieve the desired
characteristics of the slurry. In the preferred embodiment, the
mixing step 1s performed for a length of time suflicient to mix
the clay and the polymerization solution such that the result-
ing slurry 1s substantially homogeneous. Minimum water 1s
preferably used to obtain a homogeneous slurry, while pro-
ducing a slurry that 1s capable of being mechanically con-
veyed or pumped to the substrate for embedding the slurry
into the substrate. As shown i FIG. 1, in the preferred
embodiment, a piston 32 of piston pump assembly 30 1s used
to convey the high viscosity slurry to the liquid-sorbent sub-
strate for the embedding step. If the slurry 1s too viscous for
pumping, a conveyor belt, preferably having a slurry-covered
width that 1s the same as the substrate, can be used to move the
slurry to the substrate.

As 1ndicated above, the monomer embedding step com-
prises commingling the polymerizable organic monomer/
clay slurry with the substrate.

In the preferred embodiment, the slurry 1s embedded
within the catalyst-containing, liquid-sorbent substrate at a
slurry viscosity of about 30,000 centipoises to about 80,000
centipoises, more preferably about 40,000 to about 60,000
centipoises, for absorption and/or adsorption of the slurry into
and/or between the components of the substrate. The slurry 1s
received 1nto at least a portion of the thickness of the sub-
strate. Any amount or degree of embedding of the slurry nto,
or between the component parts of the substrate 1s acceptable
so long as the embedding of the monomer 1s suificient to
permit the commingling and sorption of the monomer and
clay between and/or within the component parts, e.g., the
fibers of the substrate, for subsequent polymerization of the
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monomer internally within at least a portion of the thickness
of the substrate to form the hydraulic barrier material. Fur-
ther, the degree or amount of embedding 1s sufficient 1f 1t
permits the bonding or interlocking of the resulting absorbent
polymer and clay within at least a portion of the thickness of
the porous substrate.

Preferably, the embedding step includes combining the
substrate, and the slurry such that the slurry i1s distributed
uniformly throughout at least a portion of the thickness of the
substrate. The slurry 1s preferably well mixed, and more pret-
erably 1s substantially homogeneous, so that combining the
slurry and the substrate also results 1n the distribution of the
monomer, monomer-intercalated clay, and exioliated clay
platelets throughout a desired thickness of the substrate. More
preferably, the slurry 1s distributed throughout the entire
thickness of the porous substrate in order to facilitate the
production of a relatively homogeneous hydraulic barrier
material.

As discussed previously, the porous substrate may be any
porous material or substance compatible with the monomer
and any other components contained with the polymerization
slurry, where applicable. Any porous substrate may be used
that 1s able to recerve and retain at least a portion of both the
polymerization catalyst or polymerization imitiator, and sub-
sequently the polymerizable monomer(s) and clay to form the
hydraulic barrier material upon the polymerization of the
monomer. More preferably, the porous substrate 1s comprised
of a fibrous substrate having a plurality of fibers. Any fibrous
substrate can be used that 1s able to form the hydraulic barrier
material upon the polymerization of the monomer.

In the preferred embodiment, the substrate 1s a geotextile
material. Any woven or non-woven geotextile material may
be used, preferably non-woven. Further, the geotextile mate-
rial may be 1 any form compatible with providing the desired
hydraulic barrier material. However, in the preferred embodi-
ment, the fibrous substrate 1s a substantially planar sheet
comprising at least one layer of geotextile material.

In the preferred embodiment, the embedding step 1s com-
prised of embedding the slurry, having a water content of less
than 50% by weight, and thus the monomer and clay, between
the fibers of the initiator- or catalyst-containing fibrous sub-
strate. The embedding step may be performed 1n any manner,
and by any apparatus, resulting in the embedding of the high
viscosity slurry between, and/or absorbed within the compo-
nent parts, e.g., fibers, of the substrate. In other words, the
slurry can be embedded or directed within the interstitial
spaces or voids between and/or absorbed within the fibers of
the fibrous substrate, and/or may be absorbed by the fibers of
the substrate. For instance, the slurry may be embedded
between the fibers of the fibrous substrate by vacuum, scrub-
bing, rolling, hydraulic loading, pressure filtration or spray-
ing. If the fibers themselves are water-absorbent, the mono-
mer will be absorbed 1nto the fibers as well.

In the preferred embodiment, at least a portion of the slurry
1s embedded between the fibers of the fibrous substrate in the
interstitial spaces or voids. The remainder or balance of the
slurry which 1s not embedded may be dispersed or spread
among the fibers of the fibrous substrate or distributed upon or
about the fibers to provide a layer or coating of the slurry. Any
amount or degree of embedment of the slurry between the
fibers of the substrate, suilicient to permit the subsequent
polymerization of the monomer, 1s acceptable.

In the preferred embodiment, the bulk or major fraction or
proportion of the slurry 1s embedded 1n the substrate, while a
small or minor fraction or proportion of the slurry optionally
may be dispersed or distributed on top of the substrate. Pret-
erably, any slurry that may be distributed on top of the sub-
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strate has a thickness of less than about 2.0 mm, more prei-
erably less than about 1.0 mm, most preferably less than about
0.50 mm.

Further, 1n the preferred embodiment, the slurry 1s embed-
ded between the fibers of the fibrous substrate by applying a
compressive force to the fibrous substrate. The compressive
force 1s preferably applied 1n a direction substantially perpen-
dicular to the plane of the fibrous substrate, as discussed
turther below. The compressive force may be applied 1n any
manner, and by any method, or apparatus that results 1n the
desired degree or amount of embedding of the slurry between
the fibers of the fibrous substrate.

For instance, the compressive force may be applied to the
fibrous substrate with at least one pair of pressure rollers 18 as
shown 1n FIG. 1. In addition, the compressive force may be
applied to the fibrous substrate using a vacuum.

Following the embedding step, the process comprises the
step of effecting the polymerization of the monomer to form
the hydraulic barrier material. The polymerization of the
monomer may be effected in any manner, and by and method,
process, apparatus or device, capable of, and suitable for,
polymerizing the monomer to form a hydraulic barrier mate-
rial having the desired properties and characteristics. Prefer-
ably, polymerization of the monomer 1s effected by heating
the monomer 1n a continuous oven after the embedding step.
Preferably, the heating step 1s sufficient to dry the hydraulic
barrier to less than about 15% by weight moisture, more
preferably about 7-12% by weight moisture. based on the day
weight of the hydraulic barrier 10.

The heating step may be performed at any temperature
above the boiling point of water to polymerize the monomer
and form the hydraulic barrier material. However, the tem-
perature of the heating step may vary depending upon the
desired characteristics and properties of the resulting hydrau-
lic barrier material. It has been found that the slurry 1s pret-
erably heated to a temperature of at least 100° C. (212° F.),
more preferably about 149° C. to about 288° C., most pref-
erably about 177° C. to about 288° C., particularly about 204°
C. to about 260° C. In the most preferred embodiment, the
slurry 1s heated to a temperature of between about 232° C. and
about 260° C.

Any heater and any heating process may be used which are
capable of heating the slurry, and thus the monomer, to the
desired temperature to polymerize the monomer while
embedded within substrate, without melting or otherwise
degrading the substrate. Further, the heating step may be
performed for any length of time suificient to form a hydraulic
barrier material having the desired water barrier properties.
For instance, the heating step may be performed for a period
between about 30 seconds and about 2 hours. However, the
amount of the monomer polymerized by the heating step may
vary depending upon the length and temperature of the heat-
ing step, which may atlect the characteristics or properties of
the resulting hydraulic barrier material. Further, the duration
of the polymerization reaction or the period of performance
of the heating step has been found to be inversely proportional
to the polymerization temperature.

In accordance with an important advantage of the pretferred
embodiment of the manufacturing method disclosed herein,
no significant polymerization of the monomer occurs prior to
embedding the polymerization slurry into the substrate, with
most polymerization occurring during the indicated polymer-
1zation step or heating step, since the polymerization catalyst
or polymerization imitiator 1s 1solated from the monomer until
the monomer 1s embedded 1n the substrate. Thus, 1n the pre-
terred embodiment, no sigmificant polymerization of the
monomer occurs prior to the embedding of the slurry between
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the fibers of the initiator- or catalyst-containing fibrous sub-
strate. Thus, prior to the heating step, the polymerization of
the monomer does not occur until the monomer 1s embedded
within the mitiation- or catalyst-loaded substrate. The inhib-
iting ol monomer polymerization prior to the monomer
embedding step 1s a significant advantage of the manufactur-
ing method disclosed herein. As well, depending upon the
intended application of the hydraulic barrier material, the
hydraulic barrier material may optionally include a covering,
sheet and/or a carrier sheet (not shown). Specifically, the
covering sheet 1s preferably applied along at least one side of
the substrate, being a geotextile material 1n the preferred
embodiment.

In the preferred embodiment, the substrate can be any
water-absorbent or water-adsorbent sheet material. Further,
the substrate 1s preferably a fibrous substrate having a plural-
ity of fibers. More preferably, the fibrous substrate 1s a geo-
textile material. Any geotextile matenial, including both
woven and non-woven geotextiles, having any weight and
formed from any material capable of withstanding the poly-
merization temperature, may be used which 1s compatible
with the intended application of the hydraulic barrier material
and which will provide a hydraulic barrier material having the
desired water barrier properties. However, preferably, the
geotextile material has a unit weight of between about 0.05
and 0.80 kg/m?, more preferably between 0.10 to 0.40 kg/m?,
most preferably between 0.10 to 0.20 kg/m”.

Further, the geotextile material may be 1n any form com-
patible with providing the desired hydraulic barrier material
In any size or shape to fit any area to be protected against
substantial water contact. In the preferred embodiment, the
fibrous substrate 1s a substantially planar sheet comprising at
least one layer of the geotextile material. Thus, as discussed
above, 1n the preferred monomer embedding step, a compres-
stve force 1s applied 1n a direction substantially perpendicular
to the plane of the geotextile material. In the preferred

embodiment, the fibrous substrate 1s comprised of a layer of
geotextile material, such as PETROMAT 4597, PETROMAT

4551 or PETROMAT 4506 manufactured by Amoco, or, more
preferably, a polyester material GEO-4-REEMAY 60, manu-
factured by Foss, Inc., having a thickness of 2 mm; or another
polyester material, 25WNO040-60, manufactured by CUMU-
L.US Corporation, at a thickness of 5 mm.

In the preferred embodiment, the aqueous polymerization
solution 1ncludes water, a polymerizable organic monomer,
and a water-swellable clay. Any organic monomer able to be
polymerized to provide a water-absorbent organic polymer,
may be used. However, preferably, the organic monomer has
the following structural formula:

H,C—CH—C—O—R

wherein R 1s selected from the group consisting of an alkali
metal, H, CH,, CH,CH,, CH(CH,),; and mixtures thereof.

In the preferred embodiment, the monomer 1s selected
from the group consisting of acrylic acid, an alkali metal
acrylate, e.g., sodium acrylate, and particularly mixtures
thereol containing 50-90 mole percent of an alkali metal
acrylate and 10-50 mole percent acrylic acid, more preferably
about 635-85 mole percent alkali metal acrylate and 13-35
mole percent acrylic acid, based on the total moles of poly-
merizable acrylic acid monomer.

It has been found that the weight ratio of the organic mono-
mer (or polymer) to clay embedded 1nto the substrate sudfi-
cient to produce the desired hydraulic barrier material most
eificiently, with little to no drying required after monomer
polymerization, should be 1n the range of 1:1 to 1:5, prefer-
ably in the range of 1:1 to 1:4, most preferably in the range of
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1:2 to 1:4, based on the total weight of monomer, neutralized
monomer and clay in the slurry.

The mvention disclosed herein 1s usetul for loading any
porous substrate, particularly sheet material, with a mono-
mer/clay slurry wherein the polymer 1s polymerized, 1n-situ,
alter pre-loading the porous substrate with suificient poly-
merization catalyst and/or polymerization initiator to com-
pletely polymerize the polymerizable monomer(s) while in
contact with the substrate, without premature monomer poly-
merization.

The polymenization solution preferably also includes a
cross-linker for the monomer. Any cross-linker compatible
with the organic monomer and capable of, and suitable for,
cross-linking the organic monomer may be used. However,
the cross-linker 1s preferably selected from the group consist-
ing of phenol formaldehyde, terephthaladehyde, and N,N'-
methylene bisacrylamide (MBA) and mixtures thereof. In the
preferred embodiment, the cross-linker 1s comprised of N,IN'-
methylene bisacrylamide.

Any amount of the cross-linker or any ratio of the cross-
linker to the monomer suificient to cross-link the monomer to
the desired degree may be used. However, as indicated above,
the actual amount or ratio of cross-linker used will vary
depending upon, among other factors, the desired character-
1stics or properties of the hydraulic barrier matenal, including
its water-absorbing capacity (WAC). For instance, 1t has been
found that as the ratio of the cross-linker to the monomer 1s
increased, the water solubility of the resulting absorbent poly-
mer tends to decrease. However, 1n addition, as the ratio of the
cross-linker to the monomer 1s increased, the WAC of the
resulting absorbent polymer tends to decrease. Thus, a
desired balance must be achieved between the WAC and the
water solubility of the absorbent polymer comprising the
hydraulic barrier maternial. In one embodiment, the ratio by
weight of the cross-linker to the monomer contained in the
slurry 1s less than about 1:100, preferably between about
1:1000 and about 1:100, more preferably in the range o1 1:750
to 1:250, most preferably 1n the range of 1:600 to 1:400.

Further, the polymerization solution 1s preferably an acidic
solution. Specifically, the polymerization solution preferably
has a pH level of less than 7. The pH level of the polymeriza-
tion solution may be adjusted 1n any manner and by any
substance or compound able to provide the acidic solution
and which 1s compatible with the components comprising the
polymerization solution. However, the polymerization solu-
tion 1s preferably further comprised of a suificient amount of
a caustic compound to neutralize preferably 50-100 mole %,
more preferably 50-90 mole % of the monomer, e.g., acrylic
acid, which forms a neutralized polyacrylate, 1n-situ, most
preferably 65-85 mole %.

Any caustic compound can be used that 1s capable of at
least partially neutralizing the monomer or the formed poly-
mer. Preferably, the caustic compound 1s selected from the
group consisting of sodium hydroxide, potassium hydroxide,
ammonium hydroxide, and mixtures thereof. In the preferred
embodiment, the caustic compound 1s sodium hydroxide.

As ndicated previously, an amount of water-swellable clay
1s preferably added to the polymerization solution to form the
slurry. Any water-swellable clay able to be intercalated with
polymerizable monomer after being hydrated in water and
mixed with the polymerization solution to form the slurry, as
described above, may be used. Preferably, the clay 1s a water-
swellable clay selected from the group consisting of mont-
morillonite, saponite, nontronite, laponite, beidellite, 1ron-
saponite, hectorite, sauconite, stevensite, vermiculite, and
mixtures thereof. The preferred water-swellable clays are
smectite clays, preferably a sodium smectite clay, particularly
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sodium montmorillonite and sodium bentonite. Other, non-
water-swellable clays or fillers can be added to the polymer-
1zation solution, such as calcium carbonate, talc, mica, ver-
miculite, acid activated clays (where a hydrogen 1on has
replaced the sodium) kaolin, talc, silicon dioxide, titantum
dioxide, calcium silicate, calcium phosphate and the like, so
long as the polymerization solution includes at least about 5%
water-swellable clay, preferably at least about 20% by weight
water-swellable clay, based on the weight of polymerizable
monomer in the polymerization slurry.

The particular weight ratio or relative amounts of the
organic monomer and clay will be selected to fall within the
ratio of about 20% to about 50% by weight monomer (includ-
ing neutralizing agent) and about 50% to about 80% by
weight clay, based on the total weight of monomer neutral-
1zed monomer and clay 1n the polymerization slurry.

Finally, as indicated previously, the aqueous slurry,
includes an amount of water, preferably fresh water. In accor-
dance with an important feature of the preferred methods and
articles described herein, the polymenzation slurry should
contain less than about 50% by weight water, preferably less
than about 45% by weight water, based on the total weight of
the slurry. Preterably, the slurry comprises between about 30
percent and about 350 percent water by total weight of the
slurry. In the preferred embodiment, the slurry includes
between about 35 percent by weight and about 45 percent by
weight water based on the total weight of the slurry, to permait
pumping via piston 32. A slurry having as low as about 20%
by weight water can be conveyed to the substrate for embed-
ding into the substrate using a conveyor (not shown) while
providing suificient water for homogeneous distribution of
the monomer throughout the clay.

Referring to the drawing, an apparatus and method are
provided for continuously producing the hydraulic barrier
material. First, a layer of the geotextile material comprising,
the fibrous substrate 1s fed through a bath of polymerization
catalyst or polymerization initiator 20 and passed through a
pair of squeeze rollers to remove excess catalyst and/or 1ni-
tiator. Alternatively, the polymerization catalyst and/or poly-
merization mitiator can be spray-applied to the substrate from
spray nozzles. In accordance with a preferred embodiment,
the substrate 1s saturated with the polymerization catalyst
and/or polymerization initiator followed by applying vacuum
to the undersurface of the saturated substrate by vacuum
device that 1s 1n contact with the undersurface of the saturated
substrate for removal of the excess polymerization catalyst
and/or polymerization mitiator for recycle to the process. The
catalyst-loaded and/or initiator-loaded fibrous substrate, after
removal of excess catalyst and/or initiator, then 1s fed under
guide roller and between a pair of horizontally disposed
embedding rollers, where the slurry 1s squeezed (com-
pressed) mto the catalyst-contaiming and/or initiator-contain-
ing substrate.

The slurry 1s mixed i slurry container where the slurry
components are mixed with a mixer. Once mixed and prefer-
ably sheared 1n slurry container, the mixer includes slurry
scrapers and 1s raised from the container and the container 1s
moved along tracks so that the container 1s disposed directly
under piston pump assembly that includes a high pressure,
vertically moveable piston. Piston then 1s moved downwardly
within container to force the high viscosity, low water content
slurry through a flexible 8 inch diameter conduit for spreading
the slurry into a V-shaped slurry-recerving trough between the
squeeze rollers. The high viscosity slurry 1s difficult to force
through a narrow conduit so that 1t is preferred to use a conduit
that has a diameter of at least about 4 1inches. Between the
embedding rollers, the slurry 1s deposited onto the layer of the
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geotextile comprising the fibrous substrate containing a poly-
merization-initiating catalyst and/or nitiator, as the substrate

1s moved between the embedding rollers. The geotextile
material containing the polymerization catalyst and/or poly-
merization 1mtiator passes in contact with embedding rollers,
which applies a compressive force to embed the slurry
between the fibers of the fibrous substrate.

The compressed geotextile with the embedded slurry then
passes through a heater or oven for polymerizing the mono-
mer and to interlock the resulting polymer and the clay into
the substrate. The polymerization results in the interlocking,
of the resulting polymer and clay with the fibers of the geo-
textile material. As a result, the hydraulic barrier material 1s
formed. IT desired, the hydraulic barrier material may be
subsequently dried and later rolled and packaged.

The hydraulic barrier material will expand when contacted
with water. It has been found that upon contact with water, the
unfilled voids or interstitial spaces of the fibrous substrate will
first 1ill up with hydrated polymer gel. Further hydration of
the polymer gel will cause the entire hydraulic barrier mate-
rial to expand. Further, 1t has been found that under a standard
load of an effective confining stress of 20 kPa, the hydraulic
conductivity of the hydraulic barrier material described
herein tends to be less than or equal to about 1x10™" cm/sec.
Further, the hydraulic conductivity has been generally found
to decrease as the effective confining stress 1s increased.
Salt-Water—Self-Healing Hydraulic Barrier

EXAMPLE 1

The Following Reference Numbers Correspond to FIGS.
8A to 8F

As used herein, the term “salt water” refers to aqueous
solutions that contain acids, bases, and/or, preferably salts.
Preferably, the salt water contains 10ons that for example can
be H*, Na*, K*, Mg**, Ca**, and/or AI’*. One method for
determining 1f a aqueous solution 1s salt water 1s through a
conductivity measurement. Conductivity 1s a measure of the
level of 10n concentration of a solution. The more salts, acids
or bases are dissociated, the greater the conductivity of the
solution. In water or wastewater 1t 1s mainly a matter of the
1ions of dissolved salts, and consequently the conductivity 1s
an index of the salt load 1n wastewater. The measurement of
conductivity 1s generally expressed 1n S/cm (or mS/cm)
which 1s the product of the conductance of the test solution
and the geometric factor of the measuring cell. For purposes
of this invention, salt water 1s defined as water with a conduc-
tivity greater than 15 mS/cm, preferably greater than 20
mS/cm, and more preferably greater than 25 mS/cm. Conduc-
tivity can be measured using a variety of commercially avail-
able test instruments such as the Waterproot PC 300 hand-
held meter made by Eutech Instruments/Oakton Instruments.

In the preferred embodiment, a composition containing (1)
a water-insoluble, partially cross-linked acrylamide/partially
neutralized acrylic acid copolymer; (11) a smectite clay; (111)
an elastomer, e.g., butyl rubber; (1v) a plasticizing agent, e.g.,
polybutene, polypropene, polybutadiene, polyisobutene and/
or polyisopropene; and (v) a cationic flocculant, 1s formed or
extruded as a rope, rod or sheet material shape or as a layer
between a water barrier sheet or film barrier layer, e.g., a
polymer sheet material or membrane layer, and a woven or
non-woven geotextile sheet material fabric layer. The poly-
mer sheet material layer would be disposed 1n contact with
salt water and the copolymer 1s disposed adjacent to the
polymer sheet material layer between the membrane and the
fabric layers to perform the function of a safety layer to
prevent the tlow of salt water through the article 11 the poly-
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mer sheet matenial layer 1s defective or develops a crack or
hole during installation or during use. Alternatively, the
copolymer can be incorporated into the intersticies of the
geotextile fabric layer to create a fabric/copolymer composite
layer that serves as the safety layer attached to the membrane
layer to prevent the flow of salt water through the article 1f the
polymer sheet matenal layer 1s defective or develops a crack
or hole during 1nstallation or during use.

The partially cross-linked acrylamide/partially neutralized

acrylic acid copolymers, e.g., STOCKOSORB and/or STOC-
KOSORB S™ and/or STOCKOSORB F™ and/or acryla-
mide-potassium acrylate-acrylic acid copolymer, crosslinked
(CAS#31212-13-2), have been found to have substantial free
swell when contacted by high conductivity solutions, as
described 1n this assignee’s prior application, U.S. Pat. Pub-
lication No. 2009/0130368, the disclosure of which 1s hereby
incorporated by reference in its entirety. Examples of tested
high conductivity aqueous solutions are 1% NaCl (conduc-
tivity of 18 mS/cm) and synthetic seawater (4.5% sea salt;
conductivity of 53.2 mS/cm). The partially cross-linked acry-
lamide/partially neutralized acrylic acid copolymers provide
substantial free swells when in contact with aqueous solu-
tions contaminated with any, or a combination of, Ca**, AI°*
and other multivalent cations 1n combination with anions that
are common 1n sea water and other wastewaters. To achieve
the tull advantage of the compositions, articles and methods
described herein, the partially cross-linked acrylamide/par-
tially neutralized acrylic acid copolymers used 1n the compo-
sitions and geocomposite articles described herein should
have a free swell 1n 4.5% by weight salt water of at least 35 ml
per 2 grams of copolymer, preferably at least about 40 ml/2
grams, more preferably at least about 50 ml/2 grams. Free
swells are determined by sprinkling 2 grams of powdered
copolymer mto a 100 ml graduated cylinder and filling the
cylinder to 100 ml with 4.5% by weight salt water. The
volume of copolymer that settles to the bottom of the gradu-
ated cylinder 1s then measured and 1s the free swell.

The copolymers described herein are lightly cross-linked,
1.€., have a crosslinking density of less than about 20%, pret-
erably less than about 10%, and most preferably about 0.01%
to about 7%. The crosslinking agent most preferably 1s used in
an amount of less than about 7 wt %, and typically about 0.1
wt %, based on the total weight of monomers. Examples of
crosslinking polyvinyl monomers include, but are not limited
to, di, tr1 or other multi-functional acrylic, methacrylic, vinyl
cther or acrylamido functional compounds that are well
known 1n the art for cross-linking acrylate polymers. More-
over, the copolymers described herein are preferably water-
insoluble.

Typical particles sizes for the crosslinked copolymer par-
ticles can be from 1 micron to approximately 4000 microns.
Preferred particle sizes are less than 200 microns. Suitable

copolymers sizes include:
Stockosorb F: 0-200 micron

Stockosorb S: 200-800 microns

Stockosorb M: 800-2000 microns

Stockosorb C: 2000-4000 microns

Stockosorb 400 RD: 100-800 microns

The relative amounts of the acrylamide and partially neu-
tralized acrylic acid in the salt water-waterproofing copoly-
mers described herein can vary widely from about 1 mole %
to about 99 mole % of each 1n the copolymer. Best results for
achieving excellent free swells 1n salt water are achieved
where acrylamide forms about 5% to about 95 mole % of the
copolymer, preferably about 15% to about 85 mole %, more
preferably about 55 mole % to about 75 mole %, and even
more preferably about 60 mole % to about 70 mole %; sodium
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and/or potassium acrylate (preferable forms of the partially
neutralized acrylic acid) 1s about 1 mol % to about 50 mole %
of the copolymer, preferably about 5 mole % to about 25 mole
% of the copolymer; and acrylic acid forms about 0.1 mole %
to about 50 mole % of the copolymer, preferably about 1 mole
% to about 10 mole % mole of the copolymer. One of ordinary
skill 1n the art would recognize an equilibrium between the
acrylate and acrylic acid forms of the units in the copolymer,
and an equilibrium between any agent used to shift the equi-
librium and the acrylate and acrylic acid units. Thereby the
best description of the polymer chain 1s dependant on the
mole percentage of acrylamide, which will not change depen-
dant on the concentration of acids or bases 1n solutions of the
polymer. Other material compositions that give a free swell of
greater than about 35 ml/2 grams material 1n 4.5% sea salt in
water are envisioned for this invention. Other monomers can
be present in the copolymer including acrylic and methacrylic
esters and acids, and substituted acrylamide and methacryla-
mides provided that the other monomers do not detract from
the ability of the copolymer to absorb high conductivity
water.

In accordance with the present invention, the compositions
described herein can have a desired consistency ranging from
a soupy liquid to a relatively stiff putty-like and tacky solid
and having new and unexpected capacity for swelling 1n salt
water.

In accordance with another important embodiment of the
present invention, an upper sheet material layer may be
applied over, and adhered to the compositions described
herein to form laminated articles of manufacture. The upper
sheet matenal layer can be water-impermeable to provide two
water-proofing layers. The upper sheet material layer, under
ideal conditions and proper installation will, by 1tself, prevent
water or other liquids from penetrating the laminate. Fre-
quently, however, 1t has been found that imperfect installa-
tion, particularly at seams, permits water or other liquid to
penetrate a water impermeable layer intended for water
proofing. Additionally, sometimes cracks or fissures develop
in a “water-impermeable” sheet material permitting water
penetration.

It has been found, quite unexpectedly, that the bentonite
compositions of the present invention will expand to an unex-
pected volume upon salt water contact while maintaining
structural integrity to permanently fill any cracks, fissures or
gaps left from 1mproper installation, thereby acting as an
unexpectedly effective satety valve to insure that the laminate
sell heals to prevent essentially all liquid penetration to an
carthen structure or building material thereunder.

The salt water-swellable compositions described herein
are particularly effective when applied to building materials,
such as wood, concrete, rock and the like, since the compo-
sition 1s tacky and readily adheres to solid, stable structures.

The optional water impermeable upper sheet matenial layer
can be any flexible, water impermeable sheet material, such
as polyvinyl chloride, a polyolefin, such as polyethylene or
polypropylene and the like. Generally, the thickness of the
water-impermeable sheet material 1s on the order of about 3
mm to about 50 mm. While a release paper or fabric layer 1s
not essential to the laminates described herein, one or the
other permits the laminate to be rolled upon 1tself and easily
unrolled and applied.

The geotechnical fabrics are substituted for the release
paper when the laminate 1s applied over an earthen surface for
case ol application. The fabric 1s left in place on the under-
surface of the composition sheet when the laminate 1s applied
over an earthen surface so that the laminate sheets can be
shifted 1n proper adjacent positions to provide effective seal-
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ing between laminate sheets. Any suitable fabrics can be used
tfor this purpose, particularly since the fabrics have no water-
impermeability purpose other than to achieve proper instal-
lation. Suitable fabrics include woven and non-woven perme-
able and non-permeable fabrics made from polypropylene,
polyesters, nylon, propylene-ethylene copolymers, polypro-
pylene-polyamide copolymers, and the like. The geotechni-
cal fabrics are preferred for their bacteriological and chemical
resistance. The thickness of the fabric 1s not important and
such fabrics generally are available 1n thicknesses of 3 mm to
about 30 mm.

To achieve the full advantage of the compositions and
articles described herein, the composition should include a
primary plasticizing and tackilying agent such as polydiene,
polybutene, polypropene, polybutadiene, polyisobutene and/
or polyisopropene 1n an amount of at least 0.5% by weight,
preferably about 5% to about 20% by weight of the compo-
sition. Additional (secondary) tackifiers compatible with the
polybutene, polypropene, polybutadiene, polyisobutene and/
or polyisopropene may be included for additional tack so long
as the secondary plasticizer 1s included in an amount of at
least about 4% by weight preferably about 5% to about 20%
by weight of the composition. Additional compatible tackifi-
ers may include, for example, aliphatic petroleum hydrocar-
bon resins such as polyterpenes, hydrogenated resins, and
mixed olefins. The compositions described herein may also
include a secondary plasticizing agent such as one or more
low polanty plasticizers, such as epoxidized soybean oil;
blown castor o1l; an alkyl monester, such as butyl oleate; a
long chain partial ether ester, such as butyl cellosolve oleate;
long chain alkyl diesters, such as dioctyl adipate and/or dio-
ctylphthalate; and a petroleum-derived plasticizer such as an
aromatic-napthenic oil, a napthenic-aromatic o1l, a
napthenic-paraffinic oil, and/or a paratfinic oil. Generally,
aromatic tackifiers are not suitable without the primary plas-
ticizer since they will bleed to the surface of the composition
and separate thereby reducing the handleability and consis-
tency of the composition. Other additives such as thickening
agents, fillers, fluidizers, tackifiers and the like may be added
in a total amount up to about 20 wt. % of the composition to
impart any desired physical characteristics to the composi-
tion. However, 1t has been found that the addition of a silicic
filler, e.g. silicic acid or calcium silicate, substantially
decreases the water-swellability of the compositions of the
present nvention. Accordingly, essentially no silicic filler
should be added to the composition. Silicic filler added 1n an
amount of only 1 wt. % reduces the water swellability of the
compositions by about 10%; and 5 wt. % added silicic filler
reduces the water swellability by about 20%. To achieve the
tull advantage of the present invention, the silicic filler, 11 any,
should be 1 wt. % or less.

Fluidizers such as petroleum distillates or evaporative sol-
vents such as mineral spirits may be added to the composition
of the present mvention to aid in mixing, but it 1s preferred to
combine the composition components without such solvents.
In any case, the polydiene, e.g., polybutene, polypropene,
polybutadiene, polyisobutene and/or polyisopropene should
be present 1n the final composition, after evaporation of any
solvents volatalizable under ambient conditions, 1n an
amount of at least 0.5% by weight.

In accordance with an important feature of the composi-
tions and articles described herein, no additives are necessary
to protect the compositions of the present invention since the
plasticizers such as polybutene, polypropene, polybutadiene,
polyisobutene and/or polyisopropene (“polyolefins™) will
completely wet out the smectite clay/SAP blend, e.g., bento-
nite, 1n amounts up to about 90 wt. % bentonite/SAP blend
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without inhibiting the swelling characteristics of the bento-
nite. Quite unexpectedly, the polybutene, polypropene,
polybutadiene, polyisobutene and/or polyisopropene compo-
nent increases the capacity of the smectite clay to swell while
providing suificient tack so that the composition can be easily
adhered to, substantially, any surface over extended periods
of time.

The preferred clay utilized 1n the compositions and articles
described herein can be erther a sodium montmorillonite or
calcium montmorillonite. In accordance with one important
embodiment of the present invention, the smectite clay is
bentonite. A preferred bentonite 1s calcium bentonite which 1s
basically a non-water-swellable montmorillonite clay of the
type generally found 1n the Black Hills region of South
Dakota and Wyoming. This clay has calcium as a predomi-
nant exchange ion. However, the smectite, e.g., bentonite clay
utilized 1n accordance with this embodiment of the present
invention may also contain other cations such as sodium,
potassium, magnesium and/or 1iron. There are cases wherein a
montmorillonite predominant in calcium 1ons can be con-
verted to a sodium variety through a well known process
called “peptizing”. The clay utilized 1n this invention may be
one or more peptized bentonites. The colloidal clay may also
be any member of the dioctahedral or trioctahedral smectite
group or mixtures thereof. Examples are Beidellite, Nontro-
nite, Hectorite and Saponite. The clay, 1.e., bentonite, gener-
ally 1s finely divided as known for use 1n water barrier panels
and the like, preferably 70% of the clay passes through a #30
mesh sieve, more preferably 70% of the clay passes through
a #50 mesh sieve, even more preferably 70% of the clay
passes through a #100 mesh sieve, and still more preferably
70% of the clay passes through a #200 mesh sieve (ASTM D
422).

The polybutenes, or polyisobutylenes (hereinaiter “poly-
butenes™) used i1n accordance with the principles of the
present invention, generally comprise (C,Hg) where n
ranges {rom about 6 to about 45, straight chain or branched,
having average molecular weights in the range of about 300 to
about 2,500. The commercially available useful polybutenes
are predominantly of higher molecular weight mono-olefins
and can include 100% of the polybutene or include up to
about 10% 1soparallins. The polybutenes are chemically
stable, permanently fluid liquids and their tackiness increases
with increased molecular weight. The viscosities of the poly-
butenes range from a consistency of a light o1l to a highly
viscous fluid having a viscosity range of about 25 to about
4,000 centipoises. The lower viscosity polybutenes can be
combined with a water-swellable clay to provide a composi-
tion having a soupy consistency which 1s very tacky and
difficult to handle depending upon the quantity of bentonite
included within the composition of the present invention.

The polypropenes or polyisopropenes (heremafter
“polypropenes”) useful 1n accordance with the principles of
the present invention generally comprise (C,H,), where m
ranges from about 7 to about 60, straight chain or branched,
having molecular weights 1n the range of about 300 to about
2,500. The commercially available polypropenes usetul 1n
accordance with the present invention generally are amor-
phous 1n character and may be combined with up to about 10
wt. % of a suitable processing solvent, such as ligroin,
although the polypropenes may be blended with the bentonite
casily at elevated temperatures 1.e. 200° C. without a solvent.

The polydienes useful 1n accordance with the preferred
embodiment of the present mmvention generally comprise
either (CsHy), or (C,Hg),, or polymers formed combinations
ol both monomers where the total of both x and y monomers
ranges from about 150 to about 1100. Examples of these
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materials include polybutadiene and polyisoprene, com-
monly referred to as liquid rubbers. The liquid rubbers can
also comprise copolymers with other monomers such as sty-
rene.

To achieve the greatest swelling of the compositions of the
preferred embodiment, the polypropene, polydiene or poly-
butene or mixtures should be present in the composition in an
amount of about 8 wt. % to about 30 wt. % of the total
swellable composition.

The salt water swellable compositions described herein
have a cationic coagulant or cationic flocculant included 1n an
amount of about 5% to about 35% by weight of the swellable
composition; preferably about 5% to about 30% by weight.
Suitable cationic, polymeric flocculants/coagulants include
polyquaterntum-1 (CAS#: 68518-54-7); polyquaternium-2
(CAS#: 63451-27-1); polyquaternium-4 (copolymer of
hydroxyethylcellulose and diallyldimethyl ammonium chlo-
ride); polyquaternium-5 (CAS#: 26006-22-4); polyquater-
nium-6 (polyallyldimethylammonium chloride; polydimeth-
yldiallylammonium chloride; Magnatloc 370 (CAS#: 26062-
79-3); polyquaternium-7/ (CAS#: 26590-05-6);
polyquaternium-8 (poly((methyl, stearyl)dimethylaminoet-
hyl methacrylate), polyquaternium-9 (polydimethylaminoet-
hylmethacrylate bromide); polyquaterntum-10 (CAS#s:
53568-66-4, 55353-19-0, 54351-50-7, 81859-24-7; 68610-
02-4, 81859-24-7); polyquaternium-11 (polyvinyl-N-ethyl-
methylpyrrolidonium); poly(ethyldimethylammoniumethyl-
methacrylate) sulfate copolymer), polyquaternium-12
(CAS#: 68877-50-9); polyquaternium-13 (CAS#: 68877-47-
4); polyquaternium-14 (CAS#: 27103-90-8); polyquater-
nium-15 (CAS#: 35429-19-7); polyquaternium-16 (quater-
nary ammomium salt ol methyl-vinylimidazolium chloride
and vinylpyrrolidone) (CAS#: 95144-24-4); polyquater-
nium-17 (adipic acid-dimethylaminopropylamine polymer
(CAS#: 90624-75-2); polyquaternium-18 (azelaic acid, dim-
cthylaminopropylamine, dicholorethylether polymer, CAS#:
113784-38-0); polyquaternium-19 (polyvinyl alcohol, 2,3-
epoxypropylamine polymer (CAS#  110736-85-1);
polyquaternium-20 (polyvinyl octadecylether, 2,3-epoxypro-
pylamine polymer (CAS#: 110736-86-2); polyquaternium-
22 (CAS#: 53694-17-0); polyquaternium-24 (hydroxyethyl-
cellulose, lauryl dimethylammonium epoxide polymer);
polyquaterntum-27 (copolymer of polyquaternium-2 and
polyquaternium-17, CAS#: 131954-48-4); polyquaternium-
28 (vinylpyrrolidone, dimethylaminopropylmethacrylamide
copolymer, CAS#: 131954-48-8), polyquaternium-29 (chito-
san, CAS#: 9012-76-4); propylene oxide polymer reacted
with  epichlorohydrin); polyquaternium-30  (methyl-
methacrylate, methyl(dimethylacetylammoniumethyl)acry-
late copolymer, (CAS#: 147398-77-4); polyquaternium-33
(CAS#: 69418-26-4); poly(ethylene(dialkyl)ammonium)
polymethacrylamidopropyltrimonium  chlonide  (CAS#:
68039-13-4); and poly(2-acryloyloxyethyl trimethylammo-
nium).

Inorganic cationic tlocculants such as aluminum salts can
also be used as the cationic coagulant or cationic flocculant.
Exemplary aluminum salt based flocculants include alumi-
num sulfate, sodium aluminate, magnesium aluminate, basic
aluminum chloride (poly aluminum chloride) and the like,

Preferably, the cationic coagulant or cationic flocculant 1s
polydimethyldiallylammonium chlonide (polyDADMAC).
PolyDADMAC 1s sold under a variety of tradenames one of
which 1s Magnatloc 3770, available from CIBA. It 1s preferred
that the intrinsic viscosity of the cationic polymer is generally
at least about 0.2, preferably in the range of about 0.5 to 3,
most preferably about 0.8 to 2.4 dl/g. Expressed 1n terms of
molecular weight, 1t 1s preferred for the molecular weight to
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be below about 2 million, more preferably below about 1.5
million and, most preferably, below about 1 million, although
it should generally be above about 100,000 and preferably
above about 500,000.

Cationic coagulants or catiomic flocculants, preferably,
have a cationic atom content of at least 1 wt. %, more pret-
crably at least 3 wt. %, still more preferably at least 5 wt. %,
and even more preferably at least 7 wt. %. The cationic atom
content 1s a measure of the total atomic weight of the atoms
bearing cationic charge in/on the polymer chain divided by
the molecular weight of the polymer, times 100, expressed as
a weight percentage. By way of descriptive example, all of the
cationic nitrogen atoms in the polymer poly(DADMAC) are
quaternary ammonium 1ons, thereby the cationic atom con-
tent (here, the cationic nitrogen content) can be determined
cither by elemental analysis of a sample of the poly(DAD-
MAC) or by the weight average molecular weight of the
polymer. The elemental analysis would provide the weight
percentage ol nitrogen atoms 1n a sample of polymer, that 1s
the cationic atom content. PolyDADMAC has a cationic atom
content of approximately 8.7 wt. %.

In accordance with another important feature of the present
invention, 1t has been found that the addition of an elastomer
in an amount of about 1 wt. % to about 20 wt. % based on the
total weight of the swellable composition will substantially
increase the handleability of the composition without reduc-
ing the sealing capability of the material. To achieve the tull
advantage of this embodiment of the present invention, the
clastomer should be 1ncluded 1n an amount of about 2 wt. %
to about 10 wt. % based on the total weight of the composi-
tion. Surprisingly, 1t has been found that mastication or shear-
ing, 1.¢. 1n a sigma blender, of a composition containing a
water-swellable clay, such as bentonite, polypropene and/or
polydiene and/or polybutene, and an elastomer, actually
increases the capacity of the composition to swell and retain
good cohesion.

Essentially any elastomer having at least 100% elongation
and, 1 accordance with an important feature of the present
invention having at least 500% elongation, can be used in the
bentonite composition of the present mvention to substan-
tially improve the handleability, cohesiveness and structural
integrity of the composition and articles manufactured. Par-
tially cross-linked elastomers have been found to be most
suitable 1 1mproving the consistency, handleability and
structural integrity of articles requiring such properties, but
clastomers which are not cross-linked are also useful, particu-
larly those polymers which are capable of being lightly cross-
linked when subjected to the heat generated within the
blender, 1.e. sigma blender, during mastication and mixing,
with the other composition components. Useful non-cross
linked elastomers can include styrene block copolymers
(S-TPE), polyester block copolymer (COPE), polyurethanes
(TPE), polyether block amides (PEBA), and newer technolo-
gies such as ethylene or propylene-based copolymers known
as polyolefin elastomers (POE) and polyolefin plastomers
(POP). Fully cross-linked elastomers generally are not suit-
able for icorporation into the compositions of the present
invention since their elongation capacity 1s insullicient to
permit full expansion o the bentonite during hydration. How-
ever, any elastomer having at least 100% elongation 1s suit-
able and included within the scope of the present invention.

To achieve the full advantage of the compositions and
articles described herein, the elastomers should have an elon-
gation of at least 500% to allow for the new and unexpected
bentonite swelling discovered 1n accordance with the prin-
ciples of the embodiment of the invention directed to 1nti-
mately contacting bentonite with polypropene, polydiene
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and/or polybutene. Additional suitable elastomers for incor-
poration into the composition include elastomeric resins
selected from the group consisting of but not limited to attac-
tic polypropylene; ethylene-propylene copolymers; ethyl-
ene-butene copolymers; ethylene-hexene copolymers; ethyl-
ene-octene  copolymers;  ethylene-co-vinyl  acetate
copolymers; a terpolymer of ethylene, propylene, and a non-
conjugated diene (EPDM); a copolymer of ethylene and vinyl
acetate; a copolymer of ethylene and methacrylate; thermo-
plastic urethane; thermoplastic vulcamizate; thermoplastic
polyesters; a styrene-butadiene copolymer; chlorinated poly-
cthylene; cholorsulionated polyethylene; nitrile rubber
(NBR); synthetic and natural rubbers, halogenated butyl rub-
ber, and partially cross-linked butyl rubbers having divinyl-
benzene added to form a terpolymer for the purpose of
imparting a degree of “cure.” The elastomer can be shredded
prior to mastication with the bentonite and polypropenes
and/or polybutenes to decrease mixing time although shred-
ding 1s not necessary. Mastication and homogeneous flow of
the elastomer throughout the bentonite composition can be
achieved with the elastomer 1n any desired shape, 1.¢., pellet
form, for example 1n a sigma blender.

In accordance with another important feature of the com-
positions and articles described herein, the bentonite compo-
sitions disclosed herein can include additives capable of
forming a skin on the composition, such as a copolymer of
vinyl toluene with a vegetable drying o1l. The compositions
containing skins are useful wherever the composition does
not require tackiness for securing the composition to its
intended location. I1 tackiness 1s desired, a surface coating of
any suitable tackifier may be applied over the skin.

In accordance with still another important embodiment of
the compositions and articles described herein, a water-
swellable composition 1s provided including a water-
swellable clay, such as bentonite, 1n an amount of about 35 wt.
% to about 90 wt. %, an elastomer in an amount of about 1 wt.
% to about 20 wt. %, and any plasticizer compatible with the
clastomer and capable of plasticizing the elastomer, in an
amount of about 8 wt. % to about 50 wt. % based on the total
weight of the composition.

To achieve the tull advantage of the compositions, articles
and methods described herein, the composition should be
flexible, e.g., when 1n rope form, 1t should be capable of being
rolled upon itseltf for convenient unrolling into position, for
example, between two adjacent concrete sections and for
wrapping around conduits; the composition should have a
percent swell 1n high salinity (4.5% by weight sea salt) water
of at least 100% (at least 100% weight gain'); and the com-
position should be water-impermeable to high salinity water,
that 1s the high salinity water should penetrate the composi-
tion at a rate of 1x10™" cm/sec or less, preferably at a rate of
5x1077 cm/sec or less as measured by ASTM D 5887.

Further, in order to achueve the full advantage, the anionic,
water-insoluble acrylic copolymer/cationic polymer molar
ratio should be 1 the range of about (0.25 to 4)/1, preferably
about (0.5 to 2)/1, more preferably about (2 to 3)/2, most
preferably 3/2. The cationic polymer appears to 1onically
interact with negative charge sites on the smectite clay and,
thereby maintains the composition 1n a cohesive form and in
proper position, where 1nitially disposed, during swelling.
However, unexpectedly, these interactions are maintained 1n
the presence of the high electrolyte contents of high salinity
salt water.

If a less viscous composition, €.g., a paste consistency, 1s
desired 1n order to penetrate smaller voids and crevices, the
composition can include additional polybutene, polydiene,
polypropene, or other oils, e.g., 1n amounts of about 18 wt. %
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to about 35 wt. %, based on the total weight of the composi-
tion, while maintaining the clay at about 40 wt. % to about 45
wt. %, copolymer at about 9 wt. % to about 15 wt. %, and the
cationic flocculant at about 14 wt. % to about 20 wt. % of the

24

49% of the mass was retained on the screen were given a
rating of 2. Samples retaining less than 25% of the mass on the
screen were given a rating of 1.

A plasticizer for the elastomer 1s an optional additive for

composition. | | > the composition described herein. The plasticizer improves
- Suitable amounts and ratios of components achieve cohe-  the workability of the elastomer, extends the elastomer,
siveness; high swell; and prevent disintegration during and  opqples the elastomer to reposition itself with expansion of
aftfe)r S;Heﬂgl%' Forde)éaglple. L n the water swellable clay when the clay 1s wetted and wets the
relerred bExtruded Lompostlion Ranges clay surface sufficiently to enable the elastomer to accept
1Y substantial amounts of clay (up to about 90 wt. %) and to
| | provide a homogeneous clay distribution throughout the elas-
hydrated weight — dry weight 1
yPe—H. x 100 = = 100% tometr.
y S It has been found that an elastomer having an elongation of
at least 100% will permit the clay to substantially expand so
13 long as the elastomer includes at least one plasticizer in an
amount of at least 8 wt. % based on the total weight of the
composition. The elastomer provides exceptionally good
Component Name Units Low High structural integrity to the composition without substantially
smectite clay Clay % 40 49 o 1nh1b1t1.11g the swellability of the clay. The elastomers should
partially cross-linked Stockosorh B o 9 21 be partially, but not completely, cros§-11nked and 1ncluc}ej for
acrylamide/partially neutralized example, butyl rubber, styrene-butadiene, other synthetic and
acrylic acid copolymer natural rubbers, ethylene-propylene copolymers, ethylene
cationic flocculant Magnaftloc 370 % 14 27 and pronvlene ternolvmers
elastomer butyl rubber % 5 9 propy _ TPOLY o _ _
polybutene/polypropene polyisobutylene % 11 17 Ot}lf;r Slll’[filblﬁ’: pilast1c1zer's are the': relatively low pqlzs}rlty
plasticizers including epoxidized oils, such as epoxidized
soybean o1l; blown castor o1l; alkyl monesters such as butyl
Examples and Results
168 hr 168 hr
Calcium Seawater  Seawater DI Water DI
Bentonite  Stockosorb Magnafloc  Butyl Polyiso- Swell Intactness Swell Intactness
Clay g 370 Rubber butylene % Rating % Water Rating
# % % % % % Capacity (4 =best) Capacity (4 = best)
1 40 10.1 26.6 6.5 16.%8 213 4 172 4
2 40 13.4 26.6 8.8 11.2 038 1 161 4
3 40 13.4 26.6 8.8 11.2 503 1 133 4
4 40 14.4 26.6 S 14 570 2 180 4
S 40 16.2 22 5 16.%8 413 3 149 4
0 40 20.%8 13.6 8.8 16.%8 352 3.5 626 3.5
7 40 20.%8 13.6 8.8 16.%8 568 1.5 508 4
8 40 20.%8 23 5 11.2 951 1 - -
9 43.8 20.8 13.6 5 16.8 1015 1 - -
10 44 .3 8.6 21.5 8.8 16.%8 147 4 140 4
11 44.3 14.7 20.1 6.9 14 528 2.0 159 4
12 44 .3 14.7 20.1 6.9 14 484 2.5 149 4
13 44 .3 16.5 13.6 8.8 16.%8 437 4 421 3.5
14 44 .3 20.%8 18.7 5 11.2 981 1 - -
15 45.6 20.%8 13.6 8% 11.2 521 4 705 3.5
16 48.6 8.6 21 5 16.%8 372 3.5 139 4
17 48.6 8.6 22.%8 8.8 11.2 292 4 124 4
1% 48.6 8.6 26.6 5 11.2 566 1 388 1
19 48.6 12.2 13.6 8.8 16.%8 354 4 19% 4
20 48.6 14.7 20.5 5 11.2 654 1 281 2
21 48.6 20.%8 13.6 5 12 1022 1 990 1
Intactness was measured by a cohesion test. Approxi- > oleate; long chain partial ether esters, such as butyl cellosolve
mately 80 grams of a salt water swellable composition was oleate; long chain alkyl diesters, such as dioctyl adipate and
allowed to hydrate until the equilibrium swell extent was dioctylphthalate; and petroleum-derived plasticizers such as
achieved, which usually occurred after one to two weeks of aromatic-napthenic oils; napthenic-aromatic oils; napthenic-
hydration time. The swollen sample was dropped from a paraifinic oils; and paratiinic oil.
height of 16 inches onto a sieve with a 9.5 millimeter opening 60  To achieve the full advantage of this embodiment of the
and a wire mesh diameter of 0.34 millimeters. The percent compositions and articles described herein, the plasticizer
cohesion of the sample was determined by dividing the mass should be included in the composition in an amount of at least
of the sample caught by the screen by the mass of the sample 10 wt. % of the composition to plasticize the elastomer and
prior to dropping and multiplying by 100. Samples where 75 tully wet-out the bentonite. The plasticizers generally are
to 100% of the mass was retained on the screen were given a 65 1ncluded 1n an amount of about 15 wt. % to about 30 wt. %.

rating of 4. Samples where 50 to 74% of the mass was retained
on the screen were given a rating of 3. Samples where 25 to

[

Turming now to the drawing, and initially to FIGS. 8 A-8E,
an apparatus 1s 1llustrated 1n schematic form for extruding the
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compositions described herein into rod and sheet forms, as
disclosed in U.S. Pat. No. 4,534,923, the disclosure of which
1s 1ncorporated herein by reference 1n its entirety. The com-
position 12 comprising an intimate mixture of a smectite clay;
with polypropene and/or polydiene and/or polybutene; par-
tially cross-linked acrylamide/partially neutralized acrylic
acid copolymer; and cationic flocculant, 1s thoroughly
blended in a homogeneous blend with an elastomer, such as
butyl rubber, in sigma blender 14 to fully masticate the elas-
tomer to provide a homogeneous clay composition into
extruder 16. Auger 18 of extruder 16 forces the bentonite
composition through a die opeming 20 of any desired shape,
for example the rod form shown 1n FIG. 8B, to form a rect-
angular rope 22. The rope 22 1s directed onto a conveyor 24
capable of being driven at a variety of predetermined speeds
by conveyor motor 26. By varying the speed of the conveyor
24 relative to the speed at which the extruded rope 22 exits the
die opeming 20, the rope can be stretched or compressed
slightly to vary the dimensions of the extruded clay compo-
sition. The conveyor 24 includes a suitable conveyor belt 28
and a continuous supply of release paper 30 directed over the
conveyor belt 28 for contact against a surface of the rope 22
being extruded through the die opening 20 of extruder 16. The
rope 22 on the release paper 30 1s wound around a take up
roller 32 as the rope 1s extruded onto the release paper to
provide the composition 1n a coiled, rope-like form.

Similarly, as shown 1n FIG. 8E, the extruder 16 can include
an elongated die opening 34 to provide the composition 1n
sheet form 22a, as shown 1n FIG. 8F, and the sheets may be cut
to length at a suitable cutting station (not shown) or formed
into a sheet coil 35 as shown in FI1G. 8E. As shown in FIG. 8E,
the conveyor may include a second continuous supply of
release paper 36 to sandwich the bentonite sheet between
upper and lower release sheets. The second release paper
supply 36 1s particularly desirable for compositions not
including an elastomer and compositions having less cohe-
stveness and structural integrity. In one embodiment, a water-
soluble film 1s applied to one major surface, as manufactured
and applied 1n accordance with this assignee’s U.S. Pat. No.
5,580,630, the disclosure of which 1s hereby incorporated by
reference 1n its entirety.

FIGS. 8C and 8D show a portion of the rope 22 of FIG. 8B
comprising a smectite clay, e.g., sodium or calcium bentonite,
polypropene and/or polydiene and/or polybutene, partially
cross-linked acrylamide/partially neutralized acrylic acid
copolymer, cationic tlocculant, and an elastomer before and
alter hydration. The relatively rectangular three-dimensional
block 39 of FIG. 8C, when hydrated with salt water, repro-
duced 1itself outwardly along every surface resulting 1n a
central core or block having the approximate dimensions as
shown 1 FIG. 8C, surrounded by six additional blocks 40
having approximately the same dimensions. This capacity for
the compositions described herein to maintain their capacity
to swell outwardly from every surface 1s particularly usetul
where the composition includes the elastomeric material. An
clastomeric material having at least 100% elongation 1s
capable of stretching to flow with the expanding clay and
copolymer to form surrounding, individual swollen bento-
nite/copolymer structures having relatively good structural
integrity capable of entering any given fissures or other struc-
tural damage to seal a potential water seepage path.

It was concluded that the smectite clays should be con-
tained 1in the compositions, preferably in amounts of about 40
wt. % to about 50 wt. %; the partially cross-linked acryla-
mide/partially neutralized acrylic acid copolymer, preferably
in an amount of about 10 wt. % to about 20 wt. %: the cationic
flocculant, preferably 1n an amount of about 5% to about 35%,
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more preferably about 15 wt. % to about 30 wt. %; the elas-
tomer, preferably 1n an amount of about 5 wt. % to about 10
wt. %; and polybutene (or polyisobutylene) and/or polypro-
pene (or polyisopropene), and/or polydiene, preferably 1n an
amount of about 8 wt. % to about 17 wt. %; based on the total
weight of the extrudable composition. It should be noted that
clay contents of 45-50 wt. %, and higher percentages of
cationic flocculant, e.g., 15-20 wt. %, together with higher
percentages ol elastomer, increases the intactness of the
extruded compositions. Increased swell 1s promoted at the
higher percentages of partially cross-linked acrylamide/par-
tially neutralized acrylic acid copolymer, e.g., 15 wt. % to 20
wt. %, lower percentages of cationic tlocculant, e.g., S wt. %
to 27 wt. %, and lower percentages ol smectite clay, e.g.,
calcium bentonite, €.g., 45 wt. % to about 50 wt. %, based on

the total weight of the composition.
Salt-Water—Self-Healing Hydraulic Barrier

EXAMPLE 2

The Following Retference Numbers Correspond to FIG.
9-12

Conductivity 1s a measure of the level of 10n concentration
of a solution. The more salts, acids or bases are dissociated,
the greater the conductivity of the solution. In water or waste-
water 1t 1s mainly a matter of the 10ons of dissolved salts, and
consequently the conductivity 1s an index of the salt load 1n
wastewater. The measurement of conductivity i1s generally
expressed 1 S/cm (or mS/cm) which 1s the product of the
conductance of the test solution and the geometric factor of
the measuring cell. For purposes of this invention, high con-
ductivity waters are defined as waters with conductivity
greater than 1 mS/cm. Conductivity can be measured using a
variety of commercially available test instruments such as the
Waterprool PC 300 hand-held meter made by Eutech Instru-
ments/Oakton Instruments.

In the preferred embodiment, the partially cross-linked
acrylamide/acrylate/acrylic acid copolymer 1s incorporated
as a layer between a water barrier sheet or film barrier layer,
preferably a polymer sheet material or membrane layer, and a
woven or non-woven geotextile sheet material fabric layer.
The polymer sheet material layer would be disposed i con-
tact with the high conductivity water and the copolymer 1s
disposed adjacent to the polymer sheet material layer
between the membrane and the fabric layers to perform the
function of a safety layer to prevent the tlow of high conduc-
tivity water through the article 11 the polymer sheet material
layer 1s defective or develops a crack or hole during installa-
tion or during use. Alternatively, the copolymer can be 1ncor-
porated into the intersticies of the geotextile fabric layer to
create a fabric/copolymer composite layer that serves as the
safety layer attached to the membrane layer to prevent the
flow of high conductivity water through the article 11 the
polymer sheet material layer 1s defective or develops a crack
or hole during installation or during use.

The partially cross-linked acrylamide/partially neutralized

acrylic acid copolymers, e.g., STOCKOSORB™ and/or
STOCKOSORB S™_ have been found to have substantial
free swell when contacted by high conductivity solutions.
Examples of tested high conductivity aqueous solutions are
1% NaCl (conductivity of 18 mS/cm) and synthetic seawater
(4.5% sea salt; conductivity of 33.2 mS/cm). The partially
cross-linked acrylamide/partially neutralized acrylic acid
copolymers provide substantial {free swells when in contact
with aqueous solutions contaminated with any, or a combi-
nation of, Na™*, Ca™, Mg™, A" and other multivalent cat-
ions in combination with anions that are common in sea water
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and other wastewaters. To achieve the full advantage of the
geocomposite articles and methods described herein, the par-
tially cross-linked acrylamide/acrylate/acrylic acid copoly-
mers used in the geocomposite articles should have a free
swell 1n 4.5% salt water of at least 35 ml per 2 grams of
copolymer, preferably at least about 40 ml/2 grams, more
preferably at least about 50 ml/2 grams. Free swells are deter-
mined by sprinkling 2 grams of powdered copolymer into a
100 ml graduated cylinder and filling the cylinder to 100 ml
with 4.5% salt water. The volume of copolymer that settles to
the bottom of the graduated cylinder 1s then measured and 1s
the free swell.

In the preferred embodiment, described herein are multi-
layer articles of manufacture that are salt water barrier geo-
composite mats, and their method of manufacture. In the
preferred embodiment, the geocomposite mat includes a pre-
formed woven or non-woven geotextile fabric material, hav-
ing a thickness of about 0.5 mm to about 200 mm, preferably
about 1 mm to about 100 mm, having a layer of powdered or
granular partially cross-linked acrylamide/partially neutral-
1zed acrylic acid copolymer, either 1n at least an upper portion
of 1ts thickness across 1ts entire major surface, or provided 1n
a separate layer on the geotextile sheet or fabric material. In
the preferred embodiment, the powdered or granular copoly-
mer 1s at least partially disposed within the pores of the
geotextile fabric or mat material to surround the upper fibers,
¢.g., by vacuum suction, by vibrating during deposition of the
copolymer thereon to allow the powdered or granular copoly-
mer to flow by gravity and vibrational forces mto the pores of
the geotextile sheet or mat, or simply by virtue of being sized
to be recerved within the pores of the contacting surface of the
woven or non-woven (preferably non-woven) geotextile fab-
ric or mat.

In the preferred embodiment, a liquid-impermeable cover
sheet (membrane layer) 1s adhered to the upper major surface
ol the copolymer-containing geotextile fabric or mat to pre-
vent the powdered or granular copolymer from escaping from
the geotextile sheet or mat during transportation and 1nstal-
lation, and to provide a primary water-impermeable layer to
the article. Optionally, the edges of the copolymer-containing,
geotextile sheet or mat can be sealed, such as by providing the
upper water-impermeable cover sheet slightly larger than the
dimensions of the geotextile sheet or mat and gluing or oth-
erwise adhering the extra cover sheet material to the edges of
the copolymer-containing geotextile, such as by heat sealing
them together. Other edge sealing options include sewing,
needlepunching, and ultrasonic welding of the cover sheet to
the edge of the geotextile sheet or mat, or by applying a
separate, edge-covering material that can be glued, heat
sealed or ultrasonically welded to the water-impermeable
cover sheet and/or to the geotextile sheet or mat. Edge sealing
materials preterably are liquid-impermeable.

In addition to the layer of partially cross-linked acryla-
mide/partially neutralized acrylic acid copolymer, powdered
or granular materials can be admixed with the copolymer or
can be applied as a separate layer. The additional powdered or
granular matenials include water-swellable sodium smectite
clay, organophilic clay, activated carbon, coke breeze, zero-
valent 1ron, apatite, zeolite, peat moss, polymeric ion
exchange resins, polymeric adsorbents and mixtures thereof.
Preferably, the copolymer 1s disposed adjacent to the water-
impermeable sheet or film barrer layer, and also may contain
other materials, admixed therewith 1n an amount up to about
80% by weight of the mixture.

The method of manufacture permits the manufacture of a
geocomposite article that includes the partially cross-linked
acrylamide/acrylate/acrylic acid copolymer that 1s structur-
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ally secure, without substantial lateral movement, and con-
tains the swelling matenal either as a discrete layer between
the impermeable sheet and the geotextile, uniformly distrib-
uted throughout the geotextile, or distributed as a gradient
throughout the geocomposite article. The multi-layer geo-
composite article can be manufactured to provide either a
flexible or a ngid geocomposite article, and permits the
manufacture of various modified geocomposite articles that
include the salt water barrier swelling copolymer 1n addition
to a zeolite or an organophilic clay with or without a sodium
smectite water-absorbent material; the application of layer(s)
of hiquid-impermeable films or sheets of material over not
only one, but over both major surfaces of the geocomposite
article to confine the granular or powdered copolymer mate-
rial in place within the geotextile sheet or mat; the application
ol solid or liquid adhesive materials or compositions to glue a
major undersurface of the barrier layer to the copolymer or to
the geotextile sheet matenial containing the copolymer for
complete retention. The materials can be bonded together
cither mechanically (sewing, needlepunching or gluing),
chemically, or physically (1.e., melting, or the like). The struc-
ture can be strengthened or reinforced by inserting one or
more rigidifying materials 1nto, or onto, the geocomposite
article during manufacture, such as a sheet of perforated
fiberglass; rope; cardboard; relatively rigid, liquid-permeable
corrugated materials, e.g., corrugated cardboard, and the like
at some point at or between the top and bottom major surfaces
of the geocomposite article to provide various degrees of
flexibility or ngidity; the capability of manufacturing the
geocomposite articles without the necessity of a consolida-
tion step; and providing various sizes, shapes and weights of
geotextiles to achieve the benefits of each.

The copolymers described herein are lightly cross-linked,
1.€., have a crosslinking density of less than about 20%, pret-
erably less than about 10%, and most preferably about 0.01%
to about 7%. The crosslinking agent most preferably 1s used in
an amount of less than about 7 wt %, and typically about 0.1
wt %, based on the total weight of monomers. Examples of
crosslinking polyvinyl monomers include, but are not limited
to, di, tr1 or other multi-functional acrylic, methacrylic, vinyl
cther or acrylamido functional compounds that are well
known 1n the art.

The relative amounts of the acrylamide; acrylate; and
acrylic acid in the salt water-waterproofing copolymers
described herein can vary widely from about 1 mole percent
to about 99 mole percent of each in the copolymer. Best
results for achieving excellent free swells 1n high conductiv-
ity water are achieved where acrylamide forms about 5% to
about 90 mole % of the copolymer, preferably about 15% to
about 60 mole %; sodium and/or potasstum acrylate forms
about 2% to about 50% mole % of the copolymer, preferably
about 5% to about 25 mole % of the copolymer; and acrylic
acid forms about 2% to about 50% of the copolymer, prefer-
ably about 1% to about 10% mole of the copolymer. Other
material compositions that give a free swell of greater than
about 35 mL/2 grams material 1n 4.5% sea salt 1n water are
envisioned for this invention. Other monomers can be present
in the copolymer including acrylic and methacrylic esters and
acids, and substituted acrylamide and methacrylamides pro-
vided that the other monomers do not detract from the ability
of the copolymer to absorb high conductivity water.

As shown 1n FIGS. 10A and 11, there 1s illustrated a
method and apparatus, including a number of optional fea-
tures each of which can be used alone or 1n combination with
any of the other features for manufacturing a product having
only a partially cross-linked acrylamide/acrylate/acrylic acid
powdered or granular material therein, or a plurality of dif-
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terent granular or powdered materials, including the copoly-
mer, and with or without various reinforcing materials and/or
coating materials added to one or both exterior surfaces of the
article being manufactured to provide various characteristics
or properties to the finished salt water geocomposite barrier
articles 10, as will be described 1n more detail hereinafter. The
apparatus generally includes a conveyor belt 17 that travels
continuously around a pair of rollers 18 and 20, at least one of
which 1s motor driven at a desired speed; and one or more
powdered or granular material feeding devices, generally
designated by reference numerals 22 and 24.

A liquid-impermeable sheet material layer 14, used to pro-
vide a primary salt water barrier sheet 1s applied to an upper
major surface of a pre-formed, geotextile sheet or mat 13 after
loading the geotextile sheet or mat 15 with the a partially
cross-linked acrylamide/acrylate/acrylic acid copolymer 16
from one or both feeding devices 22 and/or 24. In one
embodiment, the powdered or granular copolymer 16 pen-
ctrates the geotextile sheet or mat 15 by vibrating the geotex-
tile 15 with wvibrator 140. Alternatively, vacuum can be
applied under the geotextile sheet or mat 15. Alternatively, the
copolymer 16 minimally penetrates into an upper surface of
the geotextile sheet or mat 15 to form a distinct copolymer
layer disposed between the geotextile sheet or mat 15 and the
primary waterproofing barrier layer 14.

Additional granular or powdered materials can be applied
to the geotextile sheet or mat 135 from feeding conduits 22 or
24 to provide one or more surface concentrations of copoly-
mer 16 or to apply a different powdered or granular material,
prior to applying the water-impermeable cover layers 14. The
primary barrier layer 14 preferably 1s adhered to the upper
major surface o the copolymer-containing geotextile sheet or
mat 15 using a water-insoluble adhesive, applied from adhe-
stve supply vessel 34. Other nonlimiting methods of 1ntro-
duction of the copolymer into the composite structure can be
envisioned. Alternative methods could include: the coating or
spraying ol a paste or dispersion of the copolymer onto the
sheet via extrusion or roll coating; preassembling a copoly-
mer/fabric composite to be later combined with a water-
impermeable layer to form the final composite; or other meth-
ods to achieve the desired structure.

FIG. 10B shows at geotextile sheet or mat 135 filled only on
an upper major surface with the powdered or granular copoly-
mer material 16. FIG. 10C shows the geotextile sheet or mat
15 filled with the copolymer 16 incorporated throughout the
geotextile sheet or mat 15. FIG. 10D shows the partially
embedding of the copolymer 16 1into an upper surface of the
geotextile (preferably non-woven) sheet or mat 15, a distinct
intermediate layer of copolymer, and an adhesively secured
upper, primary, water-impermeable sheet material layer 14.
Other layers of material could be envisioned to assist 1n
improvement of the mechanical strength of the composite, to
assist with the containment of the copolymer 1n the structure,
or improve the bonding of the different layers of the structure.

Turning now to FIG. 11, there 1s shown a schematic dia-
gram of one method of loading the pre-formed, high loft
geotextile mat 115 with powdered or granular copolymerin a
dry state. The dry matenal feeding apparatus, generally des-
ignated by reference numeral 100 1s usetul for depositing the
partially cross-linked acrylamide/acrylate/acrylic  acid
copolymer, with or without other powdered or granular mate-
rials, such as an organophillic clay or other materials, from a
receiving hopper 102. An auger 104 1s disposed at a lower end
of the recewving hopper 102, and 1n fluild communication
therewith, to force the copolymer material through conduit
106 to an mnlet 108 of elevator 110. The copolymer 1s dis-
charged from the elevator 110 at elevator outlet opening 112,
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through conduit 114 1nto a recetving hopper 116. A pair of
augers 118 and 120 1n fluud communication with a lower
portion of hopper 116 force the copolymer 1nto one, two or
three feeding mechanisms, generally designated by reference
numerals 122, 124 and 126, for feeding the copolymer 1n a
controlled manner to one, two or three continuous feed con-
veyor belts 128, 130 and 132 successively aligned above an
clongated product conveyor belt 134.

The copolymer generally 1s applied over the geotextile
sheet or mat 115 1n an amount of about 0.1 ounce to 3 pounds
of powdered or granular copolymer per square foot of {in-
1shed article major surface area, preferably about 0.1 ounce to
about 5 pounds of powdered or granular copolymer per
square foot of article major surface area. In accordance with
one embodiment, a supply of a liquud-impermeable flexible
sheet material 136 inroll form 138 may be disposed above the
continuous product conveyor belt 134 to provide a continuous
supply of liquid-impermeable flexible sheet material onto an
upper surface of the product conveyor belt 134. The upper
surface of sheet material 136 from roll 138 may be sprayed
with liquid adhesive from adhesive vessel 139 to adhere the
sheet material to an undersurface of the geotextile sheet or
mat 115, and the powdered or granular copolymer then 1s
deposited onto the geotextile sheet or mat 115 from one, two
or all three of the feed conveyor belts 128, 130 and 132. Any
one, two or all three of the feed conveyor belts 228, 230 and
232 can be used to incorporate the same or different powdered
or granular materials throughout a portion of, or the entire
thickness of the geotextile sheet or mat 113. Vibration appa-
ratus 140 may be connected to the product conveyor belt
directly below the feed conveyor belts 128, 130, and 132 to
vibrate the powdered or granular contaminant-reactant mate-
rials into the geotextile sheet or mat 115.

The powdered or granular copolymer 1s deposited across
the entire width of the geotextile sheet or mat 115, as the
particles drop from the feeders 122, 124 and/or 126. In this
manner, the entire thickness or any portion of the thickness of
the fibrous mat 115 may be filled with the copolymer. Dust
collection suction devices 144, 146 and 148 may be disposed
near each continuous feed conveyor belt 128, 130 and 132 to
clear the air of fine particles emanating from feeding mecha-
nisms 122, 124 and 126 and return the particles back to a dust
collector 167 for disposal and/or back to the receiving hopper
102, via conduit 149. A second flexible, water-impermeable
sheet material 150, from roll 151, 1s disposed on a down-
stream side of the copolymer feeding mechanisms 122, 124,
and 126 and above the product conveyor belt 134. The second
flexible sheet material 150 1s fed by power driven roller 152,
power rollers 154 and 156 and wind up rollers 158 and 160 to
dispose a tlexible, water-impermeable sheet material 150 on
top of the contaminant-reactant-contaiming article to dispose
the geotextile sheet or mat 115 and the separate, or geotextile-
contained copolymer, between lower tlexible sheet material
136 between the geotextile sheet or mat 115 and the upper
flexible, water-impermeable primary barrier layer 150. Adhe-
stve vessel 161 preferably applies adhesive to a surface of
sheet material 150 to adhere the sheet material 150 to an upper
surface of the copolymer-containing geotextile sheet or mat
115.

The copolymer functions to absorb high conductivity mul-
tivalent 1on-containing salt water regardless of 1ts particle
s1ze. The powdered or granular copolymer preferably has a
particle size in the range of about 10 um to about 500 um,
preferably about 50 um to about 1,000 um, more preferably
about 50 um to about 800 um, and most preferably a particle
s1ze distribution of about 50 um to about 800 um containing,
up to 100% of the particles 1n the 50 um to 200 um range,
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preferably about 10 wt % to about 50 wt % 1n the 50 um to 200
um range, with 50 to 90 wt. % of the particles 1n the 200 um
to 800 um size range.

As shown 1 FIG. 12, the geocomposite articles 10 con-
taining the partially cross-linked acrylamide/acrylate/acrylic
acid copolymers described herein are particularly effective
tor vertical disposition adjacent to a sea/soi1l intertace 200 for
protecting the soil interface from salt water penetration by
ocean 202 which would otherwise penetrate the sea/so1l inter-
face 200 1nto soil 204.

The geotextile sheet or mat 15 or 115 can be woven or
non-woven, preferably non-woven. Suitable fibers of con-
struction of the geotextile mat 15 or 115 include fibers made
from rayon, polypropylene, polyesters, nylon, acrylic poly-
mers and copolymers, ceramic fiber, fiberglass, propylene-
cthylene copolymers, polypropylene-polyamide copolymers,
a single monofilament, polyethylene, polyurethane, cotton,
jute and any other non-biodegradable, or very slowly biode-
gradable, fibers preferably having both bacteriological,
hydrolytic and chemical resistance. In some 1nstallations, the
thickness of the article 1s not important and such articles can
be formed with any desired thickness, ¢.g., 3 mils to about 4
inches containing about 0.1 oz to about 30 pounds per square
foot of contaminant-reactant material.

The above-described products can be modified 1n a number
ol ways to suit various purposes and this adaptability of the
products 1s one of the primary benefits when compared with
water barriers of the prior art. For example, the geocomposite
products described herein can be loaded with a heavy material
such as metal screen, or a heavy mineral such as Barite, iron
oxide or the like, relatively uniformly, together with the pow-
dered or granular copolymer so that the overall product has a
specific gravity greater than 1.0 thereby enabling the material

to submerge easily 1n water. Accordingly, the product can be
applied to the soi1l surface at the bottom of a filled lagoon,
waste containment area, and the like, without first draiming,
the lagoon or waste containment area. The product containing,
a heavy mineral can be rolled out over the water or waste
containment upper level and allowed to sink to cover the soil
surface at the bottom of the water or liquid waste material,
thereby saving substantial time, effort and expense 1n sealing,
a pre-existing lagoon, waste containment area, and the like,
without first draining the lagoon or waste containment area.

In another embodiment, the products described herein can
have incorporated therein a very light material such as
expanded vermiculite or expanded perlite, so that the product
has substantial buoyancy 1n water, liquid waste materials, and
the like, to form a cover over a liquid waste containment area,
such as a toxic waste lagoon, to prevent external compounds,
dust, and dirt from entering the waste containment area. One
portion of this cover material can be adapted for removal or
rolling back so that additional toxic waste and the like may be
added to the covered containment area while maintaining a
water-impervious cover to prevent further filling of the waste
containment area with rain water.

The products described herein can be essentially a single
copolymer-containing, non-woven fabric material, adhered
to a water-impermeable cover layer, e.g., polyvinyl chloride
(PVC) primary barrier sheet. Preferably, the geocomposite
article includes an upper barrier layer, such as a polyvinyl
chloride (PVC) sheet material adhesively secured to a woven
or non-woven sheet material containing the partially cross-
linked acrylamide/acrylate/acrylic acid copolymer. Further,
drainage structures and other articles used 1n the water drain-
age arts can be virtually incorporated 1nto the interior of this
product during manufacture, e.g., under the upper cover
sheet. Herbicides, bactericidal materials, tracer chemicals,
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various colorants that indicate contact with a particular
chemical or class of chemicals, and the like, also can be
incorporated into the articles described herein.

The product 1s particularly effective i shored wall condi-
tions for application against steel sheet piling; soldier beam
and lagging; soldier beam and earth installations; concrete
caissons; earthen stabilized wall structures and diaphragm
wall structures.

The uses for the powdered or granular material-filled or
partially-filled products described herein are virtually infinite
since the product can be made completely tlexible, relatively
rigid or rigid and can be applied against very contoured and
slopping surfaces, rough or smooth, as well as vertical sur-
faces, such as foundation walls, dams, along the sides of
canals and below grades such as 1n tank farms, and for 1rr1-
gation and water conservation techniques.

In order to demonstrate the “healing™ capacity of the par-
tially cross-linked acrylamide/acrylate/acrylic acid copoly-
mers described herein, geocomposite test articles were pre-
pared from a PVC sheet material geomembrane having a
thickness 01 0.045 inch adhesively secured (using 2.30 grams
of Bostik Supertak Aerosol Adhesive) to a non-woven poly-
cthylene terephthalate (PE'T) fabric material containing 2.96
grams of STOCKOSORB S (partially cross-linked acryla-
mide/acrylate/acrylic acid copolymer) sandwiched between
the geomembrane and the fabric layers. The PVC and PET
sheet materials were circular sheets each 10 cm 1n diameter,
having a surface area of 78.54 ¢cm®. The geocomposite test
articles were cut with a 1 inch slit through all layers, as shown
in FIG. 12.

What 1s claimed:

1. A method of waterproofing a tunnel comprising:

positioning a drainage material against at least one of a

tunnel wall and a ceiling, the drainage material have a
first surface positioned against the at least one of the
tunnel wall and the ceiling and a second surface
exposed;

attaching the drainage material to the at least one of the

tunnel wall and the ceiling with a plurality of fastener
plates disposed on the drainage material and fixing
members that extend through the fastener plates and the
drainage material and 1nto the at least one of the tunnel
wall and the ceiling, the fastener plates comprising a
conductive element and a thermoplastic resin; and
inductively welding a self-healing hydraulic barrier to the
fastener plates, the self-healing hydraulic barrier com-
prising a water-impermeable thermoplastic layer
adjoined to a water-absorbent material and a geotextile.

2. The method of claim 1 further comprising applying
shotcrete against bored rock 1n a tunnel to form at least one of
a smoothed tunnel wall and a smoothed ceiling; and curing
the shotcrete; wherein the drainage material 1s positioned
against the at least one of the smoothed tunnel wall and the
smoothed ceiling.

3. The method of claim 1 further comprising applying
concrete against the geotextile to form at least one of an
interior tunnel wall and an interior ceiling; and curing the
concrete.

4. The method of claim 3 further comprising applying a
water-stop to all concrete joints.

5. The method of claim 1 further comprising positioning,
the drainage material against the tunnel floor, the drainage
material have a first surface positioned against the tunnel floor
and a second surface exposed; and

covering the drainage material with the seli-healing

hydraulic barrier by positioning the water-impermeable
thermoplastic layer against the drainage material.
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6. A method of applying a water-proofing laminate to at
least one of a retaining wall and a shoring wall comprising:
positioning a drainage material against at least one of the
retaining wall and the shoring wall, the drainage mate-
rial have a first surface positioned against the at least one
of the retaining wall and the shoring wall and a second
surface exposed;
attaching the drainage material to the at least one of the
retaining wall and the shoring wall with a plurality of
fastener plates disposed on the drainage material and
fixing members that extend through the fastener plates
and the drainage material, and into the at least one of the
retaining wall and the shoring wall, the fastener plates
comprising a conductive element and a thermoplastic
resin; and
inductively welding a seli-healing hydraulic barrier to the
fastener plates, the self-healing hydraulic barrier com-
prising a water-impermeable thermoplastic layer
adjoined to a water-absorbent material and a geotextile.
7. The method of claim 6 further comprising applying
concrete against the geotextile to form a water-proofed sub-
grade wall; and curing the concrete; wherein the concrete
binds to the geotextile.
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